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ABSTRACT 
  
         The objective of this work was to study the effects of dietary 
factors, medicinal plant and thermal environment on diabetic rabbits. 
         In experiment 1, six trials were conducted to determine effective 
dose of alloxan for induction of chronic diabetes in rabbits. When rabbits 
were injected with three doses of alloxan: 100 mg/kg ,50 mg/kg, 75 
mg/kg, and 65mg/kg combined with glucose and insulin treatment, some 
of the rabbits died while others survived without development of 
persistant hyperglycaemia. When rabbits were injected with alloxan 
75mg/kg combined with glucose and insulin treatment, one rabbit 
developed diabetes. With 125mg/kg alloxan, the number of rabbits that 
developed diabetes increased while with an injection of rabbits with 150 
mg/kg alloxan most of rabbits developed diabetes. 
         In experiment 2, the effects of supplementation with fenugreek 
(Trigonella foenum-graecum) on body weight, plasma glucose, serum 
concentration of cholesterol and insulin in diabetic and non-diabetic 
rabbits were evaluated. Supplementation with fenugreek lowered glucose 
concentration  significantly in the diabetic group and increased the body 
weight of diabetic and non-diabetic groups of rabbits. Fenugreek also 
increased the serum insulin concentration and lowered the cholesterol 
concentration slightly in diabetic group.  
          In experiment 3, the effects of dietary supplementation with starch 
(maize) and season on thermoregulation and blood constituents in 
diabetic and non-diabetic rabbits were assessed. Supplementation with 
starch increased rectal temperature (Tr) of the diabetic groups 
significantly during summer and respiratory rate (RR) of non-diabetic  
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group of rabbits. The RR values of all experimental groups were 
significantly higher during summer compared with the respective winter 
values. Mean body weight (BW) increased in non- diabetic group of 
rabbits supplemented with starch, both during summer and winter. The 
diabetic group fed lucerne and starch had significantly higher BW during 
winter compared to respective summer value. Water consumption was 
significantly higher with starch supplementation in diabetic group of 
rabbits. Water consumption was significantly higher in summer compared 
with respective winter values in non-diabetic rabbits fed lucerne and in 
diabetic groups.  
         The packed cell volume (PCV) and haemoglobin (Hb) 
concentration of diabetic rabbits were lower than the respective values of 
non-diabetic rabbits. Supplementation with starch did not influence total 
leukocyte count (TLC) significantly during summer. Non-diabetic groups 
of rabbits had significantly higher TLC values during summer compared 
to winter values.  
       The plasma glucose concentration increased significantly with starch 
supplementation. In both seasons, there was no significant difference in 
serum total protein concentration for all experimental groups. Total 
protein concentration in non- diabetic rabbits was significantly higher 
during winter compared to the corresponding summer values. 
Supplementation with starch did not influence significantly serum 
albumin concentration in diabetic and non-diabetic groups during 
summer. During winter, the diabetic groups of rabbits had significantly 
lower serum albumin compared to non-diabetic rabbits. Both during  
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summer and winter, the diabetic groups of rabbits had significantly higher 
values of serum urea than non-diabetic groups. During summer, the 
diabetic rabbits fed lucerne and starch had lower serum creatinine 
concentration compared to other experimental groups. The non-diabetic 
rabbits fed lucerne  had significantly higher concentrations of creatinine. 
Creatinine concentration was significantly  higher during summer than 
winter in all experimental groups.  
         During summer supplementation with starch in diabetic groups of 
rabbits increased significantly serum total lipid, triglycerides and 
cholesterol concentration. Non-diabetic group supplemented with starch 
had significantly higher total lipid concentration during winter compared 
to summer values, and it was significantly higher in the diabetic group. 
Cholesterol concentration was significantly higher during summer than 
winter in non-diabetic groups of rabbits and the diabetic group 
supplemented with starch. Serum Na was significantly higher in diabetic 
and non-diabetic groups of rabbits supplemented with starch during 
winter compared to the respective summer values. Serum K concentration 
in non-diabetic rabbits fed lucerne and starch was significantly higher 
during winter than summer. The starch supplemented group of diabetic 
rabbits maintained higher serum insulin concentration compared to the 
diabetic group fed lucerne. During winter, the diabetic group of rabbits 
supplemented with starch had significantly higher cortisol concentration 
than other experimental groups. The cortisol level was significantly 
higher in winter compared to the summer values in diabetic groups of 
rabbits.   
         In experiment 4, the effect of dietary supplementation with fat 
(ghee, 3 g/day) and seasonal change in thermal environment on BW,  
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thermoregulation and blood constituents were investigated in diabetic and 
non-diabetic rabbits. The mean BW was significantly higher in non-
diabetic group of rabbits compared to the other groups. The diabetic 
group of rabbits supplemented with fat revealed significantly lower mean 
BW during winter. Both during summer and winter, supplementation 
with fat increased the plasma glucose concentration of the diabetic groups 
significantly. Serum total lipids concentration was significantly higher in 
diabetic group supplemented with fat during summer and winter. 
Supplementation with fat increased serum triglyceride concentration in 
diabetic and non-diabetic groups. The serum triglycerides concentration 
was significantly lower in winter in non-diabetic group of rabbits. Both 
during summer and winter the diabetic group supplemented with fat had 
significantly higher cholesterol concentration compared to diabetic 
control and non-diabetic groups of rabbits. During summer, the insulin 
concentration for the diabetic and non-diabetic groups supplemented with 
fat was slightly higher than the values of non-diabetic groups fed lucerne.  
         The results obtained which were related to the effects of dietary 
factors and thermal environment on physiological responses of the 
domestic rabbits to diabetes mellitus were discussed in the light of 
information delivered in previous studies. The findings determine the 
suitable dose of alloxan for induction of diabetes and indicate that dietary 
supplementation with carbohydrate and fat had marked influences on the 
physiological responses of diabetic rabbits. Supplementation with 
fenugreek could alleviate the metabolic effects of  diabetes mellitus. The 
findings are considered to have important clinical relevance in mammals 
and human beings. 
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CHAPTER ONE 
GENERAL INTRODUCTION 
AND LITERATURE REVIEW 
1.1 Definition of diabetes mellitus 
          Diabetes mellitus (DM) is a chronic, systemic, metabolic disease 
defined by hyperglycaemia and characterized by alterations in the 
metabolism of carbohydrate, protein and lipid  (Maiese et al., 2007); and 
causes a significant disturbance of water and electrolyte homeostasis due to 
absolute or relative deficiency of insulin (Haslett et al., 1999). Metabolic 
alterations caused by inadequate release of insulin are aggravated by an 
excess of glucagon (Cherrington et al., 1978). The effects of DM include 
long-term damage, dysfunction and failure of various organs (American 
Diabetes Association, 2007). 
1.2 Epidemiology of diabetes 
         The prevalence of diabetes is increasing worldwide; it is calculated that 
there are now 150 million people with diabetes, and that this number will 
rise to 300 million by the year 2025 (Zimmet et al., 2001). The number of 
people with diabetes worldwide is set to double in the next 20 years, as a 
result of increasing obesity and longevity (Ekoé et al., 2002). DM exhibits 
wide geographic variation in incidence and prevalence. Substantial 
variations exist between nearby countries with differing life styles and 
between genetically similar populations. These variations strongly support 
the importance of environmental factors in the development of insulin 
d e p e n d e n t  d i a b e t e s  m e l l i t u s  ( I D D M )  ( L a m b ,  1 9 9 7 ) .  
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        In many of the developed countries, the frequency of diabetes has 
tripled over the past several decades. A further doubling is predicted around 
the world over the coming decade, particularly in Asia, in association with 
increasing levels of obesity (Zachary, 2001). 
        The incidence of DM is increasing in populations across Africa (Abbas 
and Archibald, 2005). Diabetes mellitus reached epidemic proportions in 
much of the less-developed world over a decade ago, and the number of 
people afflicted with the condition in these regions is projected to increase 
from 84 million in 2000 to 228 million by the year 2030 (Wild et al., 2004). 
The  incidence and prevalence rates have been increasing in many African 
countries and have largely been attributed to the increasing sedentary 
lifestyle and diet associated with urbanisation (McLarty et al., 1990; Amos 
et al., 1997). Due to the high urban growth rate, dietary changes, reduction 
in physical activity, and increasing obesity, it is estimated that the 
prevalence of diabetes is going to triple within the next 25 years (Sobngwi et 
al., 2001). 
         In Sudan, DM is currently emerging as an important health problem, 
especially in urban areas. The actual prevalence of diabetes is unknown. 
Diabetes is the commonest cause of hospital admission and morbidity 
(Ahmed, 2001). The spread of sedentary life styles and adoption of western 
dietary habits, high in refined carbohydrates and fat – are driving an increase 
in the number of people with obesity-related type п diabetes (Ahmed, 2006). 
           Elbagir et al. (1996) showed a high prevalence of diabetes in the adult 
population of Sudan, with a wide difference among the different areas. The 
highest crude prevalence was in the northern parts of Sudan and the lowest 
in the western desert-like parts. The high ratio of newly discovered to 
previously known diabetic cases may reflect poor public awareness and 
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medical services. Nystrom et al. (1990) and Elamin et al. (1997) reported 
that there is a seasonal variation in diabetes incidence. The highest number 
of diabetic cases were diagnosed during the cooler months of the year in 
both sides of the hemisphere. 
         Diabetes occurs naturally in man and animals (Hardy et al., 1981). It is 
one of the most common endocrine diseases of dogs and cats and may occur 
at any age. It is seen occasionally in horses that are more than 7 years of age, 
but it is rare in other domestic species (Pineda and Dooley, 2003). Although 
pancreatic diabetes in dogs and cats is fatal within a few weeks, goats, 
sheep, rabbits and monkeys have survived for many months without 
treatment (Ruch and Fulton, 1960).   
         The incidence of DM in dogs and cats varies from a ratio of 1:100 to 
1:500. The incidence of DM is 2 to 3 times greater in female dogs than in 
male dogs. DM in the female dogs is frequently diagnosed during dioestrus 
or pregnancy, when the levels of progesterone are high and prolonged. The 
peak incidence of DM in dogs is at 7 to 9 years of age. In cats, the majority 
of cases of DM are diagnosed after 6 years of age. The incidence may be 
approximately 1.5 times greater in male than in female cats (Pineda and 
Dooley, 2003). 
1.3 Classification of diabetes  
         Approprite classification of DM is essential for its study, treatment and 
for orderly epidemiological and clinical research. Several classifications of 
diabetes have existed over the past 20-30 years.  
       The new classification system identifies four types of DM: type 1, type 
п, other specific types and gestational diabetes. Type 1 diabetes is 
characterized by absolute insulin deficiency and usually develops before 
adulthood (Laakso and Kuusisto, 2003). The onset is usually acute, 
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developing over a period of a few days to weeks (Report of the Expert 
Committee on the Diagnosis and Classification of Diabetes Mellitus, 1997). 
         Type п diabetes is a complex metabolic disorder characterised by 
hyperglycaemia and associated with a relative deficiency of insulin 
secretion, along with a reduced response of target tissues to insulin (insulin 
resistance) (Shaw and Chisholm, 2003).  Type п diabetes is the most 
common form of diabetes, comprising 80–90% of all diabetic people and is 
highly associated with a family history of diabetes, older age, obesity and 
lack of exercise (O’Dea, 1991). 
         Types of DM of various known etiologies are grouped together to form 
the classification called other specific types. This group includes persons 
with genetic defects of B-cell function or with defects of insulin action; 
persons with diseases of the exocrine pancreas, such as pancreatitis or cystic 
fibrosis; persons with dysfunction associated with other endocrinopathies 
(e.g., acromegaly); and persons with pancreatic dysfunction caused by drugs, 
chemicals or infections (Alberti and Zimmet, 1998).  
         Gestational diabetes is induced by pregnancy but resolved at the end of 
pregnancy. It does not include previously diagnosed diabetics who become 
pregnant (Metzger and Coustan, 1998). Gestational diabetes usually 
develops in late pregnancy when insulin antagonistic hormones peak leading 
to insulin resistance, glucose intolerance, and hyperglycemia (Mayfield, 
1998). The hyperglycaemia resolves in most women after delivery but places 
them at increased risk of developing type п DM later in life (Tierney et al., 
2002). 
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1.4 Etiology of diabetes: 
          Type 1 diabetes develops in individuals who are genetically 
susceptible. An exposure to some triggering environmental factors may be 
required. The genetic background is complex, involving a major contribution 
from the human leukocyte antigen (HLA) region, but also several other 
genes may be involved, each having a minor effect on disease susceptibility 
( Field and Tobias, 1997). Type 1 diabetes is considered to be an 
autoimmune disease in which T lymphocytes infiltrate the islets of pancreas 
and destroy the insulin producing B-cell population leading to absolute 
insulin deficiency (Akerblom et al., 2002). The American Diabetes 
Association Committee recommends the term type 1A diabetes for immune 
mediated diabetes with its destruction of the islet B-cells of the pancreas. 
Non-immune mediated diabetes with severe insulin deficiency is termed type 
1B (Devendra et al., 2004). 
        The histocompatibility complex is divided into three regions, Class II, 
class III and class I. The major genetic determinant of susceptibility to 
diabetes lies within the major histocompatibility complex (termed IDDM 1). 
More than 90% of patients who develop type 1 diabetes have either DR3, 
DR2 or DR4, DQ8 haplotypes (Atkinson and Eisenbarch, 2001).  
         Athough environmental factors such as diet and toxins have been 
proposed as a trigger of diabetes, most of the scientific attention has focused 
on putative viruses. Epidemics of the mumps, congenital rubella, and 
coxacki virus have been associated with an increased frequency of type 1 
diabetes (Wilson et al., 1998).  
         The two main defects of type п diabetes are impaired insulin secretion 
through a dysfunction of the pancreatic B-cell and impaired insulin action 
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through insulin resistance (Nathan et al., 2007). The defective 
responsiveness of body tissues to insulin almost certainly involves the 
insulin receptor in cell membranes (Tierney et al., 2002). Type п diabetes is 
known to have a strong genetic component with contributing environmental 
determinants (Lucy et al., 2002). The most important risk factors for 
diabetes are obesity and physical inactivity (Lean, 2000). 
.1.5 Pathophysiology 
          In uncontrolled diabetes, insulin deficiency causes a rise in glucagon 
concentration, the decreased insulin /glucagon ratio increases the production 
of glucose by liver, and insulin deficiency impairs glucose utilization by 
insulin requiring tissues, activates lipolysis in adipose tissue, enhances 
proteolysis in muscle and intensifies the effects of glucagon on liver (Boyd 
et al.,1981). Insulin deficiency therefore increases the delivery to the liver of 
substrates for glucose and ketone production . Following a carbohydrate 
meal, the blood glucose level rises even higher, because in the absence of 
insulin the storage of glycogen in the liver is inhibited. Glycosuria results 
when the renal threshold is exceeded; this causes an osmotic diuresis with an 
attendant loss of water and electrolyte and the patient becomes dehydrated 
and thirsty (Walter et al., 1996). 
         Ketoacidosis results from lack of insulin, which is necessary not only 
to put glucose into insulin-sensitive cells (primarily muscle and fat) but also 
to prevent ketogenesis in the liver. If insulin levels are not adequate at all 
times to regulate lipolysis in adipose tissue, the fat cells release excessive 
amounts of free fatty acids and glycerol as breakdown products of 
triglycerides, the storage form of fat in cells. The free fatty acids circulate to 
the liver, where they are taken up and broken down into ketoacids. The 
ketoacids then are released into the bloodstream and cause ketoacidosis 
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(Bohannon, 2003). In the presence of low blood insulin levels, the uptake of 
ketone bodies by the peripheral tissue is inhibited. The end result of these 
biochemical derangements is therefore hyperglycaemia with glycosuria, 
ketosis with ketonuria, and a severe metabolic acidosis. In this type of DM, 
the body's metabolism is geared to maintenance of a high blood glucose  
 
level, even though this exceeds the renal threshold. The body starves in the 
midst of plenty, as fats and proteins are converted into glucose, only to be 
passed in the urine and lost from the body. Loss of weight, muscle wasting 
and hunger are therefore characteristic (Walter et al., 1996). In insulin-
dependent diabetes, studies have demonstrated that there are increases in 
both protein breakdown and protein synthesis during insulin deprivation. 
Because the magnitude of the increase in protein breakdown is greater than 
the magnitude of the increase in protein synthesis, there is a net protein loss 
during insulin deprivation (Charlton and Nair, 1998).  
         In type п diabetes, the early stage is characterized by insulin resistance 
in insulin targeting tissues, mainly the liver, skeletal muscle, and adipocytes. 
Insulin resistance in these tissues is associated with excessive glucose 
production by the liver and impaired glucose utilization by peripheral 
tissues, especially muscle (Olefsky,1999). With increased insulin secretion 
to compensate for insulin resistance, baseline blood glucose levels can be 
maintained within normal ranges, but the patients may demonstrate impaired 
responses to prandial carbohydrate loading and to oral glucose tolerance 
tests. The chronic over-stimulation of insulin secretion gradually diminishes 
and eventually exhausts the islet B-cell reserve. A state of absolute insulin 
deficiency ensues and overt clinical diabetes developed. The transition of 
impaired glucose tolerance to type п diabetes can also be influenced by 
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ethnicity, degree of obesity, distribution of body fat, sedentary lifestyle, 
aging and other concomitant medical conditions (Lucy et al. 2002).  
1.6 Diagnosis of diabetes 
         The criteria for the diagnosis of DM are: firstly symptoms of diabetes 
and a casual plasma glucose 200 mg/dL (11.1 mmol/L). Casual is defined 
as any time of day without regard to time since last meal. The classic 
symptoms of diabetes include polyuria, polydipsia, and unexplained weight 
loss. 
       Secondly fasting plasma glucose level 126 mg/dL (7.0 mmol/l). 
Fasting is defined as no caloric intake for at least 8 hours.Thirdly 2-hours 
plasma glucose 200 mg/dL (11.1 mmol/l) during an oral glucose tolerance 
test (OGTT). The test should be performed as described by the World Health 
Organization, using a glucose load containing the equivalent of 75 g of 
anhydrous glucose dissolved in water (American Diabetes Association, 
2007).  
         Measurements of glycated haemoglobin (HbA1c) have commonly been 
used to monitor the glycaemic control of persons already diagnosed with 
diabetes (McCance et al., 1995).  
1.7 Experimental diabetes  
         Diabetes can be produced experimentally in animal models by any 
procedure which interferes with production or release of insulin. It is 
produced chemically, by administration of alloxan, streptozotocin , or other 
toxins that in appropriate doses cause selective destruction of B-cells of the 
pancreatic islets; by administration of drugs that inhibit insulin secretion; 
and by administration of anti-insulin antibodies (Ganong, 2005). Also it can 
be induced by dietary means; in this procedure the animal develops obesity 
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hyperinsulinaemia, glucose intolerance with pancreatic islet cells remaining 
intact followed by B-cell degeneration and necrosis resulting in profound 
insulin deficiency and overt diabetes (Shafrir, 2001).  
          The classic surgical model of type I diabetes is total pancreatectomy, 
and the animal of choice is the dog, because total pancreatectomy is 
technically easiest in this species (Sarr, 1988). There are, however, some 
disadvantages to complete pancreatectomy, including the following: 1) the 
procedure requires major surgery, adequate postoperative analgesia, and 
good postoperative care with administration of antibiotics; 2)following 
pancreatectomy, the animal has little if any counterregulatory response to 
hypoglycaemia; and 3) chronic pancreatic enzyme supplementation is 
required. These factors must be taken into account in designing a study using 
this model (Frederick et al., 1993). Streptozotocin and alloxan are the most 
commonly used drugs. In contrast to total pancreatectomy, the use of these 
chemical agents leaves the remainder of pancreatic function intact. 
Pharmacologic induction of diabetes has been performed in many species 
including nonhuman primates, dogs, cats, rabbits, and rodents. The 
experimental diabetes in animals has been used to clarify pathological 
changes in diabetes and symptoms of the disease in humans (Nishihata et al., 
1978). 
          Experimental diabetes is suggested to result from initial islet 
inflammation, followed by infiltration of activated macrophages and 
lymphocytes in the inflammatory focus. These cells might be the source of 
the cytotoxic oxygen radicals (Halliwell and Gutteridge, 1989).  
1.7.1 Alloxan diabetes 
         Alloxan was first discovered by Liebig 1943, in mucus from patients 
with dysentery (Hardy et al., 1981). The induction of diabetes by alloxan is 
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much used in experimental work, particularly in small animals like the rat 
and rabbit in which the operative removal of the diffuse pancreas is most 
difficult. Alloxan is most preferably used in case of rabbit because of the 
relative ineffectiveness of streptozotocin in rabbits for induction of diabetes 
and development of well characterized diabetic complications 
(Kasiviswanath et al., 2005).  
 
         The dose of alloxan for DM induction depends on different factors 
including animal species, the route of administration, speed of injection, 
absorption rate, body condition and nutritional status of the animal. The 
speed of injection is very important in inducing DM using alloxan. Alloxan 
should be injected quickly to the animal because it rapidly becomes 
ineffective (Haghdoost et al., 2006). The clinical signs of DM in different 
species are similar including polydipsia and polyuria, hyperglycaemia, 
glycosuria and ketonuia (Prasad et al., 1985)  Alloxan causes diabetes in 
animals through its ability to destroy the insulin producing cells of the islets 
of Langerhans of the pancreas (Oberley, 1988). The degree of damage 
produced by a given dose of alloxan varies considerably, from little or no 
evident effect to complete destruction, so that the severity of the diabetic 
state obtained in individual animals may be of any grade. There may also be 
damage to the liver and kidneys, but if not too severe, this damage may only 
be temporary (Mcletchie, 2002). Goldner and Gomori (1944) showed that 
insulin injection did not protect the pancreas against alloxan. 
         The action of alloxan in producing degranulation and degeneration in 
the B-cells of the pancreatic islets is unique in many ways. The toxic action 
is apparently irreversible after a few minutes in which time the earliest signs 
of degeneration appear (Herman et al., 1976). It has been shown that the 
severity of alloxan induced pancreatic damage in animals is decreased by 
prior administration of glucose (Carter and Younath, 1962). Jo¨rns et al. 
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(1997) reported that the mouse pancreatic islets incubated with alloxan 
suffered time- and concentration-dependent damage, as reflected by 
pronounced ultrastructural changes in the B-cells. No effects on other islet 
cell types were recorded even at the highest concentrations of the test 
substance. Jo¨rns (1994) reported that the number of necrotic B-cells 
increased, particularly in the centre of the larger islets. B-cells in the centre 
of the islet are somewhat more susceptible to alloxan toxicity than B-cells in 
the periphery of the islets. 
 
1.7.1.1 Structure and mechanism of selective action of alloxan  
         Alloxan was originally obtained by the action of dilute nitric acid on 
uric acid. It is a simple nitrogenous organic compound (alloxan 
monohydrate: NH-CO-NH CO-CO-CO H2O). Alloxan has a great avidity 
for water and is very unstable with a half life of a few minutes in water at 
room temperature and less at body temperature (McLetchie, 2002). 
        The mechanism whereby alloxan causes pancreatic B-cells death has 
been the subject of much debate. In early studies, the membrane was 
suggested to be the primary cause of action of alloxan (Watkins et al., 1964), 
and this was supported by direct observation of effects on the plasma 
membrane by electron microscopy (Norlund et al., 1984). In later work, 
however, it was shown that alloxan was readily taken up via a glucose 
transporter (Gorus et al., 1982), most probably the low affinity type GLUT2 
glucose transporter, and was selectively concentrated in the pancreatic B-
cells after administration to the animal (Boquist et al., 1983). This lead to the 
proposal of an intracellular site of alloxan action, involving selective uptake 
by the transporter, followed by redox cycling with cellular reducing agents, 
leading to generation of active oxygen species; the latter events were held 
responsible for inhibiting the toxic changes within the pancreatic B-cells 
which lead to their death (Malaisse, 1982).This concept is based upon 
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experiments on various biochemical changes induced by alloxan in isolated 
islets such as inhibition of glucose –stimulated insulin release enzyme 
whereby blood glucose levels monitor insulin production (Cooperstein and 
Watkin, 1981). Although the precise mechanism of alloxan-induced diabetes 
remains unclear, there is increasing evidence that it involves the 
degeneration of islet -cells by accumulation of cytotoxic free radicals. 
Following its administration, alloxan is concentrated in the islets and in the 
liver, where it is reduced to dialuric acid. This acid is unstable in aqueous 
solutions and undergoes oxidation back to alloxan, accompanied by 
generation of hydrogen peroxide and hydroxyl radicals ( Jo..rn et al., 1997). 
1.7.1.2 Effect of alloxan administration on blood glucose metabolism 
         The onset of alloxan diabetes in the rabbit is characterized by triphasic 
pattern of changes of the blood glucose level. A few minutes after injection 
there is a transient hyperglycaemia which may last 4 hr. It is absent in 
hepatectomized animal (Houssay et al., 1945), and after adrenalectomy 
(Goldner and Gomori, 1944). There is still some debate about the origin of 
this hyperglycaemic phase, but it is commonly attributed to extra-pancreatic 
causes and particularly to increased hepatic glycogenolysis (Howell and 
Taylor 1967). 
       From 4 to 10 hours after alloxan administration, a period of 
hypoglycaemia is found, which is particularly severe in rabbit, due to 
unregulated release of preformed insulin from the pancreas. The 
hypoglycaemic phase may be quite severe and therefore alloxan should not 
be given to fasted animals (Srinivasan and Ramarao, 2007). Howell and 
Taylor (1967) reported that it was not recognized at first that individual 
susceptibility may vary greatly, so that after a standard dose of the drug, the 
time of onset and duration  of the hypoglycaemic phase cannot be accurately 
forecasted. During this period, death tends to occur from hypoglycaemia, 
with the usual convulsive picture. The prolonged and profound 
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hypoglycaemia which develops within several hours is probably associated 
with the liberation of a large amount of insulin from cells of the islets 
rendered necrotic by the drug.  
        From 10 to 12 hr onwards there is a second phase of hyperglycaemia 
which is persistant and results from an absolute deficiency of circulating 
insulin (Lukens, 1948). However, Beach et al. (1956) showed that in some 
strains of albino rats the triphasic blood sugar response may be completely 
absent , with permanent hyperglycaemia setting in a few minutes after 
injection. This pattern was confirmed by Morgan and Lazarow (1965) who 
showed that serum insulin values in rats fell to, and remained at, very low 
levels soon after alloxan administration. Eight days after alloxan 
administration to rabbits the serum glucose was abnormally elevated 
indicating hyperglycaemia and the body weight was slightly reduced 
(Shafique et al.,2002).  
 
1.8 Basic management of diabetes mellitus  
          Treatment of DM includes acute management to control blood 
glucose, regular screening for early treatable complications and the detection 
and possible elimination of risk factors for such complications (Tuomilehto 
et al.,2001). Glucose control comprises three main principles, diet, exercise 
and the use of hypoglycaemic agents (Rees and William, 1995). 
Approximately 50% of new cases of diabetes can be controlled adequately 
by diet alone, 20-30% will need an oral hypoglycaemic drug and 20-30% 
will require insulin (Haslett et al., 1999; American Diabetes Association, 
2006). 
1.8.1 The use of medicinal plants for treatment of diabetes 
         Conventionally, insulin-dependant DM is treated with exogenous 
insulin (Felig et al., 1995) and non insulin-dependant diabetes mellitus with 
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synthetic oral hypoglycaemic agents like sulphonylureas and biguanides 
(Rosac et al., 2002). The use of most synthetic antidiabetic drugs and 
intravenous insulin injections have their own disadvantages. The most 
important side- effect is hypoglycaemia (Berger, 1985). Therefore there is 
need for substitutes for the hypoglycaemic antidiabetic drugs in management 
of diabetes (Monago and Alumanah, 2005). Herbal drugs are considered free 
from side effects than synthetic one and they are less toxic, relatively cheap 
and popular (Momin, 1987).        
         DM has been treated orally with herbal remedies based on folk 
medicine since ancient times (Bhandari et al., 2002). Recently some of these 
herbal treatments have been studied scientifically (Mukherjee et al., 2006). 
Many modern pharmaceuticals used in conventional medicine today also 
have natural plant origins. For example, metformin was derived from the 
flowering plant Galega officinalis (Goat's rue or French lilac), which was a 
common traditional remedy for diabetes (O'Connell, 2001). Many active 
compounds have been isolated from the plant and herb. These active 
principles are dietary fibres, alkaloids, flavonoids, saponins, amino acids, 
steroids, peptides and others. These have produced potent hypoglycaemic, 
anti-hyperglycaemic and glucose suppressive activities (Saxena et al., 2004). 
The above effects achieved by either insulin release from pancreatic B-cells, 
inhibited glucose absorption in gut, stimulated glycogenesis in liver or 
increased glucose utilization by the body (Grover et al., 2002; Saxena et al., 
2004). These compounds also exhibited their antioxidant, hypolipidemic, 
anticataract activities, restored enzymatic functions, repair and regeneration 
of pancreatic islets and the alleviation of liver and renal damage (Mukherjee 
et al., 2006). Some active constituents have been obtained from plants that 
possess insulin like activity and could provide an alternate for insulin 
therapy (Gupta et al., 2008).  
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1.8.1.1The use of fenugreek (Trigonella foenum-graecum) 
         Fenugreek has been used for numerous indications, including labor 
induction, aiding digestion, and as a general tonic to improve metabolism 
and health. Preliminary animal and human trials suggest possible 
hypoglycaemic and antihyperlipidaemic properties of oral fenugreek seed 
powder (Basch et al, 2003). It was also used for the treatment of wounds, 
abscesses, arthritis and bronchitis. It could also be used for kidney problems 
and conditions affecting the male reproductive tract (Escot, 1994).  
1.8.1.2 The hypoglycaemic effect and effect on blood constituents of 
             fenugreek                 
         Supplementation of the diet with fenugreek leaves showed a significant 
effect on hyperglycaemia, hypoinsulinaemia and glycosylated haemoglobin 
in streptozotocin diabetic rats and improved the body weight and liver 
glycogen (Devi et al., 2003). 4-Hydroxyisoleucine, an insulinotropic 
compound isolated from fenugreek seeds increased the insulin release in 
glucose fed hyperglycaemic rats (Sauvaire et al., 1998). Oral administration 
of seed powder (5%, for 3 weeks) in alloxan diabetic rats repaired the liver 
and kidney damage caused by alloxan (Thakran et al., 2004). Lethal doses of 
aqueous leaf extract were 1.9g/kg at intra-peritoneal and 10g/kg at oral 
administration (Abdel Barry et al., 1997). The soluble dietary fibre fraction 
from fenugreek seeds produced beneficial effect in dyslipidaemia in type п 
diabetic rats (Hannan et al., 2003). Fenugreek extract is nontoxic at normal 
doses  (Basch et al., 2003). 
         Lucy et al. (2002) reported that the fenugreek treatment produced 
significant attenuation of the glucose tolerance curve and improvement in 
the glucose induced insulin response in alloxan diabetic rabbits, suggesting 
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that the fenugreek hypoglycaemic effect may be mediated through 
stimulating insulin synthesis or secretion from the B- pancreatic cells of 
Langerhans. The fenugreek effect may also be related to increasing the 
sensitivity of tissues to available insulin. The fenugreek hypoglycaemic 
effect was observed to be slow but sustained, without any risk of developing 
severe hypoglycaemia.  
         Satyanarayana et al. (2003) reported that the percentage of blood 
glucose reduction produced by the combination of Catharanthus roseus and 
fenugreek was more than the sum of their individual percent blood glucose 
reduction in both normal and alloxan diabetic rabbits, suggesting that the 
combination produced a synergistic action.   
         In Devi et al. (2003) studies the supplementation of the diet with 
fenugreek leaves showed a significant effect on hyperglycaemia, 
hypoinsulinaemia and glycosylated haemoglobin and improved the body 
weight and liver glycogen in streptozotocin diabetic rats. It also showed a 
significant effect on key carbohydrate metabolic enzymes in diabetic rats. 
Raju et al. (2001) reported in alloxan induced diabetic rats that the activities 
of gluconeogenic enzymes were higher in liver and kidney during diabetes; 
however, the activities of the lipogenic enzymes were decreased in both 
tissues during diabetes. The altered enzyme activities were significantly 
restored to control values in both the liver and kidney after fenugreek seed 
powder treatment, thus stabilizing glucose homeostasis in the liver and 
kideny . 
 
1.8.2 General principles of dietary management. 
         The amount and type of food consumed and the timing of eating are 
integral components of the management of diabetes (Vaughan, 2005). The 
goal of dietary treatment in diabetes is to abolish symptoms of 
17 
 
hyperglycaemia, avoid hypoglycaemia associated with therapeutic agent 
(insulin, sulphonylureas). Even in the absence of overt symptoms, the 
diabetic diet should assist in the normalization of the metabolic disorder of 
the disease and maintain blood glucose levels in the normal range or as close 
to normal as is safely possible and minimize fluctuations (Rosett et al., 
2007). A principal goal in the dietary recommendations for treatment of 
diabetes is to limit saturated and unsaturated fat to less than 10 % of the total 
energy intake, and cholesterol to less than 300mg/day (Connor et al., 2003). 
A further goal of dietary treatment is to avoid atherogenic diets or those 
which may aggravate diabetic complications (e.g. high protein intake in 
nephropathy). Also it is intended to achieve weight reduction in obese 
patients to reduce insulin resistance, hyperglycaemia and dyslipidaemia 
(Haslett et al., 1999). 
 
1.8.2.1 Energy balance and obesity 
         Obesity is associated with insulin resistance (Pietilainen et al., 2007). 
Postprandial hypertriglyceridaemic rabbit shows insulin resistance along 
with obesity (Kawai et al., 2006). High fat and sucrose diet -fed rabbits 
showed impaired glucose clearance associated with higher levels of insulin 
secretion compared to control rabbits (Zhao et al., 2008). Also rats fed a 
high-saturated fat diet consumed more energy, gained more weight, and 
displayed hyperinsulinaemia  without an elevation in the fasting plasma 
glucose level, compared with animals on high-carbohydrate diets. The 
importance of controlling body weight in reducing risks related to diabetes is 
of great importance. Therefore, these nutrition recommendations start by 
considering energy balance and weight loss strategies. Because of the effects 
of obesity on insulin resistance, weight loss is an important therapeutic 
objective for pre-diabetes or diabetes (Norris et al., 2005). The optimal 
macronutrient distribution of weight loss diets has not been established. 
18 
 
Although low-fat diets have traditionally been promoted for weight loss, two 
randomized controlled trials found that subjects on low-carbohydrate diets  
lost more weight than subjects on low-fat diets (Stern et al., 2004). 
Nordmann et al. (2006) showed that low-carbohydrate diets were associated 
with greater improvements in triglyceride concentrations than low-fat diets.  
.1.8.2.2 The dietary needs of the diabetic 
        Dietary manipulation remains a corner stone in the treatment of 
diabetes mellitus. Medical nutrition therapy is important in preventing, or at 
least slowing the rate of development of diabetes complications. 
1.8.2.2.1 Carbohydrates in diabetes management 
        A dietary pattern that includes carbohydrate from fruits, vegetables, 
whole grains, legumes, and low-fat milk is encouraged for good  health  
(American Diabetes Association 2006). Calorie intake significantly affected 
serum glucose concentrations. Calorie-restricted rats had significantly lower 
serum glucose concentrations and glycated haemoglobin  compared to 
carbohydrate-matched rats that were given free access to food (Linda et al., 
2000). Investigations in mice that evaluated the effect of dietary 
carbohydrates on serum triglyceride concentrations suggest that diets high in 
fructose significantly increase serum triglyceride levels (Lock et al., 1980). 
Different carbohydrates vary considerably in their rate of absorption. 
Furthermore, blood glucose and insulin responses are influenced by the 
amount and type of carbohydrate in the diet (Jenkins et al., 2002). Control of 
blood glucose in an effort to achieve normal or near-normal levels is a 
primary goal of diabetes management. Food and nutrition interventions that 
reduce postprandial blood glucose excursions are important in this regard, 
since dietary carbohydrate is the major determinant of postprandial glucose 
levels. Low-carbohydrate diets seem to be a logical approach to lowering 
postprandial glucose (Lineback and Jones, 2003). Restriction or modification 
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of carbohydrate intake can have beneficial effects on energy expenditure, 
triglyceride concentrations, high-density lipoprotein cholesterol, and glucose 
homeostasis; while a low fat, high carbohydrate diet remains a best practice 
recommendation (Barclay, 2006). 
         Blood glucose concentration following a meal is primarily determined 
by the rate of appearance of glucose in the blood stream (digestion and 
absorption) and its clearance from the circulation (Sheard et al., 2004). 
Insulin secretory response normally maintains blood glucose in a narrow 
range, but in individuals with diabetes, defects in insulin action, insulin 
secretion, or both, impair regulation of postprandial glucose in response to 
dietary carbohydrate. The amount of carbohydrate ingested is usually the 
primary determinant of postprandial response, but the type of carbohydrate 
also affects this response (Jenkins et al.,1981).  
          Several randomized clinical trials have reported that low–glycemic 
index diets reduce glycaemia in diabetic subjects, but other clinical trials 
have not confirmed this effect (Sheard et al., 2004). Moreover, the variability 
in response to specific carbohydrate-containing food is a concern (Rosett et 
al., 2007). Nevertheless, a recent meta-analysis of low–glycaemic index diet 
trials in diabetic subjects showed that such diets produced a 0.4% decrement 
when compared with high–glycemic index diets (Brand et al., 2003). 
However, it appears that most individuals already consume a moderate–
glycaemic index diet (Liese et al., 2005).  
         Mclaughlin et al. (2000) have also shown that a high carbohydrate diet 
markedly increases fatty acid synthesis and denovo lipogenesis. A high 
carbohydrate diet will cause fat to be deposited, while slowing down the 
burning of existing fat. This is linked to a greater potential to store fat 
(Hudgins, 2000). Previous studies have shown that the type and amount of 
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carbohydrate feeding is associated with changes in the levels, composition 
and metabolism of serum lipoproteins (Abraham et al., 1994), triglycerides 
(Truswell, 1994) and other lipids (Bokman  et al., 1991). High carbohydrate 
intakes are associated with low plasma cholesterol and variable plasma 
triglyceride concentrations (Truswell 1994). 
          In studies reported by Simpson et al. (1982), a diet rich in 
carbohydrate was compared with a traditional low carbohydrate diet in type 
п diabetes; the results indicate that a diet rich in carbohydrate, but restricted 
in fibre, does not cause overall deterioration of diabetic control or lipid 
metabolism in diabetes and suggest that digestible carbohydrate has an effect 
on basal blood glucose independent of fibre.   O,Dea (1989) reported that if 
high-carbohydrate, low-fat diets are to be recommended for diabetes, it is 
essential that the type of carbohydrate recommended be unrefined and high 
in fibre. 
         A high fibre diet has been used in controlling diabetes , and may 
control blood sugar levels (Chandalia et al, 2000). High fibre supplements 
such as guar gum have improved glucose tolerance (Landin et al, 1992). It 
can slow absorption of glucose leading to smoother glucose profiles; 
although affecting absorption, guar gum does not produce a malabsorption 
syndrome (Nattrass and Bailey ,1999). Different types of dietary fibres have 
been reported to take part in the control of body weight, glucose and lipid 
homeostasis and insulin sensitivity (Galisteo et al., 2008). Cabré (2004) 
reported that foods that are high in soluble fibre, are particularly beneficial 
for glycaemic control and lipid metabolism (Ha and Lean, 1998). Jue et al. 
(2004) reported that  in a rat model of type п DM, high fibre intake 
decreased blood glucose and lipids levels.  A high intake of dietary fibre is 
associated with enhanced insulin sensitivity and therefore may have a role in 
the prevention of type п diabetes (Ylönen et al., 2003).  
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         Substantial evidence from clinical studies demonstrates that dietary 
sucrose does not increase glycaemia more than isocaloric amounts of starch. 
Thus, intake of sucrose and sucrose-containing foods by people with 
diabetes does not need to be restricted because of concern about aggravating 
hyperglycaemia (Franz et al., 2002). In individuals with diabetes, fructose 
produces a lower postprandial glucose response when it replaces sucrose or 
starch in the diet; however, this benefit is tempered by concern that fructose 
may adversely affect plasma lipids (Franz et al., 2002).           
         It has been proposed that foods containing resistant starch (starch 
physically enclosed within intact cell structures as in some legumes, starch 
granules as in raw potato, and retrograde amylose from plants modified by 
plant breeding to increase amylose content) or high-amylose foods, such as 
specially formulated cornstarch, may modify postprandial glycaemic 
response, prevent hypoglycaemia, and reduce hyperglycaemia (Franz et al., 
2002).  
1.8.2.2.2 Dietary fats in diabetes management  
          Diets high in fat, specially saturated fat, worsen glucose tolerance and 
increase the risk of type п diabetes (Feskens et al.,1995). In contrast glucose 
intolerance has been improved by diets high in monounsaturated oils 
(Sarkkinen et al., 1996).    
          In rodents and humans dietary intake of high fat has been shown to 
have adverse effect on insulin sensitivity and to contribute to the 
development of glucose intolerance and overt diabetes (Storlien et al., 1991). 
Feeding diabetic  rabbits high fat –high sucrose diets elevated serum 
triglyceride and free fatty acid levels. Also the amount of abdominal fat  in 
the rabbits increased (Yin et al., 2003).  Intake of high fat diet in rabbits was 
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associated with significant increase in body weight ,food consumption, 
serum lipids and blood glucose levels (Hussein et al.,2007). Lipid infusion 
which was more effective than a high fat diet, can induce peripheral and 
hepatic insulin resistance in rats (Ling et al., 2006). 
          Fat intakes ranging from 40 to 75% of total kilocalories , usually in 
the form of saturated fat, safflower oil, or corn oil, have been reported to 
reduce whole body insulin-stimulated glucose uptake in dogs (Rocchini, et 
al., 1997) along with enhanced hepatic glucose production (Khoursheed et 
al., 1995). In addition to the dietary fat being an important determinant of 
insulin sensitivity, there is also evidence that variation in fatty acid 
composition may independently affect insulin action and alter insulin 
sensitivity. Monounsaturated fatty acids, when fed at high level, may not 
lead to reductions in insulin sensitivity observed with the high 
polyunsaturated fat diets (Parillo et al., 1997) and may improve the indexes 
of glucose tolerance in NIDD patients (Low et al., 1996).  
         There is a positive relationship between the dietary cholesterol intake 
and serum cholesterol (Cohen et al., 1994). Lenich  et al., (1991) reported 
that alloxan diabetic rabbits develop hypercholesterolaemia and 
hypertriglyceridaemia in response to cholesterol feeding. Dairy products 
make appreciable contribution to saturated fat and cholesterol intake. 
Consumption of these products may be correlated with high blood 
cholesterol level (Rossouw et al., 1981). Wellmann and Volk (1971) 
reported that  during cholesterol feeding, the averages of all lipids fractions 
in alloxan diabetic rabbits rose considerably for 8 weeks; thereafter they 
tended to decline but continued to remain abnormally high. Sickle et al. 
(1985) revealed that in cholesterol fed diabetic rabbits the cholesterol 
concentrations were similar to those in control, but their plasma triglyceride 
concentrations were higher. In high fat fed mice the levels of total 
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cholesterol and triglycerides increased significantly from baseline and 
gained more weight than the control (Sandu et al., 2005). 
          Compared with initial values, olive oil diet significantly reduced 
concentrations of serum total cholesterol, whereas ghee types significantly 
increased these parameters . Serum triglycerides level increased after olive 
oil diet, and it was reduced after periods of ghee types. In general the 
responses in serum lipids were greater in male than in female subjects 
(Rawashdeh, 2002). As shown by Gannon and Nuttal (2006), when ingested 
independently, fats do not affect the circulating blood glucose concentration. 
Fats can delay the digestion and/or absorption of dietary carbohydrates, but 
this appears to be fat-source specific. Also, when ingested with a 
carbohydrate-containing food, fats can decrease the glucose concentration, 
and increase the insulin concentration . 
        The studies of Collier and O,Deak (1983) indicated  that the coingestion 
of fat with either carbohydrate or protein resulted in greatly increased gastric 
inhibitory polypeptide responses, the effect being more pronounced with 
carbohydrate. The addition of fat to a carbohydrate meal also reduced the 
postprandial glucose response. This could have been due to a delayed 
glucose absorption, secondary to a fat-induced inhibition of gastric 
emptying. However, despite the lower blood glucose levels in the presence 
of fat, the insulin response was not reduced, because of G.I.P. 
1.8.2.2.3 Proteins in diabetes management  
        The dietary intake of protein for individuals with diabetes usually does 
not exceed 20% of energy intake. A number of studies in healthy individuals 
and in individuals with type п diabetes have demonstrated that glucose 
produced from ingested protein does not increase plasma glucose 
concentration but does produce increases in serum insulin responses 
(Gannon et al., 2001). Abnormalities in protein metabolism may be caused 
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by insulin deficiency and insulin resistance; however, these are usually 
corrected with blood glucose control (Gougeon et al., 2000).  
         Small, short-term studies in diabetes suggest that diets with protein 
content more than 20% of total energy, reduce glucose and insulin 
concentrations, reduce appetite, and increase satiety (Gannon and Nuttal, 
2004). However, the effects of high-protein diets on long-term regulation of 
energy intake, satiety, weight, and the ability of individuals to follow such 
diets long term have not been adequately studied (Gannon and Nuttal, 2004). 
1.8.2.2.4 Micronutrients in diabetes management 
         Uncontrolled diabetes is often associated with micronutrient 
deficiencies (Mooradian, 1999). Supplementation of middle aged and elderly 
diabetics with a multiple vitamin and mineral preparation for one year 
reduced the infection by more than 80% compared with placebo (Barringer 
et al., 2003). Chromium has been shown to improve glucose and related 
variables in people with glucose intolerance and type I, type п, gestational 
and steroid induced diabetes (Anderson, 2000). Supplementation with 
magnesium has improved insulin production in elderly people with type п 
diabetes (Paolisso et al., 1989). People with low blood levels of vitamin E 
are more likely to develop type 1 (Knekt et al., 1999) and type п diabetes 
(Salonen et al., 1995).  
1.9 The effect of thermal environment on diabetes 
            Very few studies were performed to assess the effects of season on 
blood constituents of diabetics (Simon et al, 1989; Bunout et al., 2003). 
Trayhurn (1979) noticed that the body temperature of diabetic mice was 
lower than that of normal mice  at same environmental temperature. Also the 
resting metabolic rate was higher for diabetics than for normal mice. The 
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high metabolic efficiency of the diabetic mouse can be explained by a 
reduced energy expenditure.  Ptrofsky (2006) noticed that for all diabetics 
(both type 1 and type п) heat tolerance was poor. On exposure to high 
environmental temperature, central body temperature and skin 
temperature were increased. The reason for this increase appeared to be a 
failure of sweating. Sweating was lower at any skin temperature or at any 
skin location in diabetic compared with control subjects. Thus diabetic 
subjects were more susceptible to heat stress. This could have significant 
implications for heat disorders such as heat stroke for individuals with 
diabetes.  
         Ockene et al., ( 2004) have noted seasonal variation in blood lipid 
levels with increase in serum cholesterol levels during the winter. Exposure 
of rabbits to severe heat stress during summer affected their growth resulting 
in significant decline in body weigh and increase in rectal temperature and 
respiratory rate (Marai et al., 2001). In New Zealand White rabbits, elevated 
temperature and thermal stress resulted in elevation of both rectal 
temperature and respiratory rate (Kasa and Thwaites, 1990). Habeeb et al. 
(1997) reported significant decline in the plasma total proteins and total lipid 
concentrations during hot summer condition. Reduction in metabolites under 
high environmental temperatures may be due to the decrease in food intake 
and subsequent reduction of metabolism or to the dilution of blood and body 
fluids as a result of the increase in water intake.   
1.10 Histological changes associated with diabetes  
         In uncontrolled diabetes, damage to the organs and impairment of 
immune system is likely (Haslett et al., 1999). The pancreas, liver and 
kidney exhibit numerous morphological and functional alterations during 
diabetes (Roth et al., 1989; Saravanan and Pari, 2005). The pancreas is in 
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reality two organs in one. Approximately 85% to 90% of the pancreas is an 
exocrine gland that secretes enzymes necessary for digestion of food. The 
remaining 10% to 15% of the pancreas is endocrine, consisting of the islets 
of Langerhans (Michael et al., 2003). The islets of Langerhans synthesize, 
store, and secrete a variety of polypeptide hormones. It has been 
hypothesized that the arrangement of cell types within the islets and resulting 
cell-to-cell communication may have physiologic significance in the control 
of glucose homeostasis (Orci, 1982; Elayat et al., 1995). In insulin-dependent 
diabetes in animals and man there is a marked disruption of the normal 
histologic relationships (McEvoy and Hegre, 1977). Insulin-dependent 
diabetes mellitus results from specific destruction of the pancreatic islet 
insulin-secreting B-cells (Rabinovitch et al., 1996). 
         Jelodar et al. (2005) reported that in alloxan-induced diabetic rats, 
alloxan caused severe necrotic changes of pancreatic islets, especially in the 
centre of the islets. Nuclear changes, karyolysis, disappearing of nucleus, 
and in some places residue of destructed cells were visible. The relative 
reduction of the size and number of islets, especially around the large 
vessels, and also severe reduction of the number of B-cells were obvious. 
Roth et al. ( 1980) revealed that the B- cells of the islet of Langerhans of the 
spontaneous diabetic rabbits were hypergranulated; the A-cells and D-cells 
were within the normal limits. Iki and Pour (2007) reported that in the non-
diabetic cases, B-cells contributed 64%, A -cells 26%, D-cells 8%, PP cells 
0.3%. In diabetic cases, B-cells were decreased by 24%,while the A and D-
cells were increased by 40% and 58%, respectively.  
         Yoon et al. (2003) studies showed that B-cell mass is both markedly 
reduced and variable in type п patients and pancreatic B-cell fractions. The 
observed B-cell area reduction and corresponding A-cell area increase in the 
islets add further support to the notion of selective B-cell loss.                        
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         Iwashima et al. (2003) stated that morphometric analysis by planimeter 
revealed that islets in the severe diabetics were 25% smaller than in the pre-
diabetics. Significantly less B-cell area within the diabetic islets was found 
when compared with the non-diabetic and pre-diabetic islets. Significantly 
larger A- and D-cell areas within the diabetic islets were found compared 
with the non-diabetic and pre-diabetic islets.  
         B-cells change in mass and function throughout life  in response to 
variations in demand for insulin (Bonner, 2000). Moreover, B-cell mass is 
known to be regulated by a balance between B-cell growth (B-cell 
replication and neogenesis) and B-cell death (apoptosis) (Bernard and 
Ktorza, 2001). Glucose infusion for 96 h caused a 50% increase in B-cell 
mass resulting from enhanced B-cell replication and hypertrophy (Bonner et 
al., 1989). In pregnancy, B-cell mass also increases about 50% with higher 
B-cell sensitivity to glucose in rats (Scaglia, et.al, 1995). B-Cell mass 
expansion has also been described in the non-diabetic obese Zucker rat, with 
evidence of B-cell hyperplasia and hypertrophy (Milburn et al., 1995). 
However, diabetes results from a failure to compensate for insulin resistance 
or insulin demand.  
         Few human studies have been performed on B-cell mass, and it is 
difficult to obtain clear medical records of autopsied pancreas in human 
cases of diabetes. With some exceptions, B-cell mass in patients with type п 
DM shows a 40–60% reduction in human autopsy studies (Clark et al., 
1988). Because, as seen in rodents, there may be compensatory increases in 
B-cell mass with obesity, it is important to analyze B-cell mass in association 
with body weight in the human (Bonner, 2001). Kloppel (1985) reported  
that B-cell mass was found to increase with obesity. A comparison of lean 
diabetics with lean non-diabetics and obese diabetics with obese non-
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diabetics showed that the B-cell mass of diabetic subjects was about half that 
of non-diabetic subjects, after controlling by body weight. 
1.11 Objectives of the studies 
       DM is the most severe metabolic disorder (Gupta et al., 2008) 
characterized by a loss of glucose homeostasis resulting from defects in 
insulin secretion and insulin action, both resulting in impaired metabolism of 
glucose and other energy- yielding fuels such as lipids and protein (Scheen, 
1999). DM is a costly condition in individual, social and economic terms, 
and the global burden of diabetes is increasing in most populations. The 
insidious onset and asymptomatic nature of diabetes result in many people 
remaining undiagnosed and at great risk of developing vascular 
complications (Holt, 2004).    
         Experimental diabetes in animals has provided considerable insight 
into the physiologic and biochemical derangement of the diabetic state. 
Many of the derangements have been characterized in hyperglycemic 
animals (Sochar, 1985). Alloxan causes diabetes in many rodent and non-
rodent animals and is most preferably used in case of rabbit because of the 
relative ineffectiveness of streptozotocin in rabbits for induction of diabetes 
and development of well characterized diabetic complications 
(Kasiviswanath et al., 2005). 
         Since ancient times, diabetics have been treated orally with several 
medicinal plants or their extracts based on folk medicine. They may help 
stabilize, reduce, or eliminate medication requirements (Akhtar and Ali, 
1984). Recently, some medicinal plants have been reported to be useful as 
antidiabetic and antihyperglycaemic. Antidiabetic plants contain substances 
which provide alternative and safe effects on diabetes mellitus. 
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          Dietary factors may influence the prognosis of diabetes. Dietary 
advice is important for diabetics as dietary modifications limits the demand 
for deficient insulin (Rees and William, 1995). Food and nutrition 
interventions that reduce postprandial blood glucose excursions are 
important in this regard, since dietary carbohydrate is the major determinant 
of postprandial glucose levels. Low-carbohydrate diets lower postprandial 
glucose (Franz et al., 2002). Diets high in fat, specially saturated fat, worsen 
glucose tolerance and increase the risk of type п diabetes (Feskens et 
al.,1995). In contrast glucose intolerance has been improved by diets high in 
monounsaturated oils (Sarkkinen et al., 1996).    
         Very few studies were performed to assess the effects of season on 
blood constituents of diabetics (Bunout et al., 2003 and Simon et al, 1989). 
Thus diabetic animals and subjects were more susceptible to heat stress 
(Trayhurn, 1979 Petrofsky, 2006). This could have significant implications 
for heat disorders such as heat stroke for individuals with diabetes. 
          The studies reported in this thesis were designed and conducted with 
the following objectives: 
(1) Establishment of  appropriate dose of alloxan that could be used for         
induction of a chronic state of  DM in the domestic rabbit.  
(2) Effect of fenugreek on some blood constituents in alloxan diabetic    
rabbits 
(3) Effect of dietary supplementation with starch and thermal environment              
on thermoregulation and blood constituents and hormones. 
(4) Effect of dietary supplementation with fat and thermal environment on        
thermoregulation and blood constituents.  
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CHAPTER TWO 
MATERIALS AND METHODS 
    2.1 Experimental animals 
         In this series of studies, a total number of one hundred and fifty 
three apparently clinically healthy mature male rabbits (Lepus cuniculus) 
of matched body weights and ages were used. They were purchased from 
local market. They were aged 8-10 months at the commencement of the 
experiments and were predominantly white with brown or black spots.  
     2.2 Housing and management    
         The animals were accommodated in the animal house at the 
Department of Physiology in individual cages. They were allowed to 
adapt to the animal room conditions and experimental procedures for two 
weeks. During this period, the animals were fed fresh lucerne (Medicago 
sativa) and allowed free access to tap water. They were examined 
clinically and sick animals were excluded and replaced. All animals were 
given an anthelmintic injection (ivomec:0.02 ml/kg BW: Alpha 
Laboratories Ltd, India) and antibacterial injection (Oxytetracycline:7.5 
mg/kg BW:Alpha Laboratories Ltd, India). 
2.3 Feeding  
                   Different systems of feeding were used in the experiments. In 
experiments that dealt with trials for induction of chronic state of 
diabetes, the animals were given fresh lucerne. In the experiments in 
which the effects high carbohydrates were studied,  the animals were 
given fresh lucerne and a rich sourse of starch (sorghum grains).  The 
nutrient composition of fresh Lucerne and sorghum grains (maize) are 
shown in Table 1.The animals were given fresh lucerne and cow milk fat 
(ghee) in experiments in which the effects of high fat were studied. The 
chemical composition of gee is shown in Table 2. 
31 
 
                 
 
 
 
 Table 1. The nutrient composition of fresh Lucerne ( Medicago 
                      sativa) and sorghum grains ( S.vulgare caudatum) (g/kg). 
                        (Sulieman and Mabrouk, 1999)      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
   
 
 
Sorgum grains 
(S.vulgare caudatum
Lucerne 
(Medicago sativa)Ingredients 
 
945 
 
230 
 
Dry matter 
 
25 
 
3.3 
 
Ether extract 
 
132.3 
 
46.1 
 
Crude protein 
 
24.8 
 
70 
 
Crude fibre 
 
21.5 
 
28.2 
 
Ash 
 
741.3 
 
91.4 
 
AFE 
 
0.5 
 
5.1 
 
Ca 
 
3.1 
 
0.4 
 
P 
 
1.1 
 
3.1 
 
NaCl 
 
1.7 
 
0.7 
 
Mg 
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                 Table 2. Fatty acid profile of cow milk fat (Ghee) 
 
                                         (Rawashdeh, 2002) 
 
 
 
 
 
 
 
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
                        SFA: saturated fatty acid     
                             MUFA: monounsaturated fatty acids 
                             PUFA: polyunsaturated fatty acids 
                             TC: total cholesterol 
                                  
 
% Fatty acid 
 
6.7 
 
4,6,8:0 
 
3.5 
 
10:0 
 
3.8 
 
12:0 
 
8.2 
 
14:0 
 
0.8 
 
14:1 
 
0.4 
 
14:2 
 
0.2 
 
15:0 
 
25 
 
16:0 
 
2.1 
 
16:1 
 
0.2 
 
16:2 
0.5  17:0 
10.5  18:0 
32.5  18:1 
4.2  18:2 
1.2  18:3 
0.2  20:0 
58.6  SFA 
35.4  MUFA 
6.0  PUFA 
150  TC (mg/dl) 
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  2.4 Thermoregulation 
2.4.1 Ambient temperature  
         The ambient temperature (Ta) and relative humidity (RH) 
measurements were obtained from Shambat Meteorological Unit located 
about 500 metres from the experimental site.  
 
     2.4.2 Rectal temperature (Tr)  
         The rectal temperature (Tr) of rabbit was measured by a digital 
clinical thermometer (Hartman _ United Kingdom). The tip of 
thermometer was inserted to a depth of approximately 4 cm into the 
rectum, and Tr was measured with an accuracy of ± 0.1ºC 
 
2.5 Respiratory rate (RR) 
         The respiratory rate of animals was measured visually by counting 
the flank movements for one minute using a stopwatch. The 
measurement was done when the animal was sitting quietly and breathing 
regularly. 
 
2.6 Body weight (BW)  
         The rabbits were weighed during the experiments to the nearest ± 
1g using an electronic digital balance (Every- United Kingdom). 
     
     2.7 Water consumption 
          Known amount of water was measured and offered to each animal 
in individual container. One container was left for measurement of water 
lost by evaporation. Next morning, the water left in the container was 
measured. The sum of remaining water and water lost by evaporation was 
subtracted from the initial amount offered to the animals; The difference 
was considered as water consumption. 
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     2.8 Collection of blood sample 
         5ml samples of blood were drawn from the  jugular vein of rabbits 
using disposable plastic syringes. Immediately 1 ml of blood was 
transferred to a clean dry capped test tube containing dipotassium 
ethylene diamine tetra-acetate (K2-EDTA) as anticoagulant and was used 
for haematological analysis. Then 1 ml of blood was kept in a clean test 
tube containing sodium fluoride to inhibit the enzymatic reaction and 
after centrifugation, the plasma was used for glucose determination. The 
rest of blood sample was left at room temperature for 2-3 hrs and then 
centrifuged (Gallenkamp junior) at 3000 r.p.m. for 15 min to separate 
serum. Haemolysis-free serum samples were stored at -20°C for 
subsequent measurements of the concentrations of metabolites, minerals 
and hormones.  
 
2.9 Glucose tolerance test (GTT) 
                  The GTT was performed according to the method described by 
Marquie et al. (1984). Before the morning meal 2 g/kg of glucose were 
given orally to the overnight fasted rabbit. Blood samples were taken 
before and at 30,60,90,120 min and 4, 5 hrs after the administration of 
glucose. No food was given to the rabbits during the test.  
    
    2.10 Blood analysis 
    2.10.1 Haematological parameters 
         The parameters of haemogram (PCV, Hb and TLC) were determind 
according to the standard methods described in Schalm,s Veterinary 
Haematology (Jain, 1986). 
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 2.10.1.1 Packed cell volume (PCV) 
         A micro-technique was used for PCV determination. The PCV was 
measured in plain capillary tubes using a microhaematocrit centrifuge 
(Hawksley, London) operated for 5 min at 12000 r.p.m. A special reader was 
used to determine PCV as a percentage of whole blood. 
 
  2.10.1.2 Haemoglobin concentration (Hb)  
         The Hb concentration  was determind by cyanomethaemoglobin 
technique using Drabkin,s solution as described by Baker and Silverton 
(1985). The method is based on oxidation of haemoglobin ferrous by 
potassium ferricyanide to ferric to form methaemoglobin in alkaline 
medium. Methahemoglobin interacts with potassium cyanide to form 
cyanomethaemoglobin, a stable haemoglobin pigment. The optical densities  
of sample and standard were read using a colorimeter (Corning-250) at a 
wave length of 540 nm against blank. 
 
2.10.1.3 Total leukocyte count (TLC) 
         The test tube method was used to count leukocytes using 
Turk,s solution as a dilution fluid. The TLC was performed 
microscopically under low power ( x10 objective) using the improved 
Neubauer haemocytometer. 
 
2.10.2 Blood metabolites 
2.10.2.1 Plasma glucose 
         The plasma glucose concentration was determined by colorimetric  
method  using a commercial kit (Spinreact,S.A. Spain). This method was 
adopted by Trinder 1969. The enzymatic oxidation occurs in the presence 
of glucose oxidase. The hydrogen peroxide formed reacts with phenol  
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and 4- amino- phenazone to produce a red violet dye as an indicator. The 
optical densities were measured at a wave length of 540 nm. 
                                             glucose      
 Glucose +O2 + H2O                                   Gluconic acid + H2O       
                                                  Oxidase 
  
     2.10.2.2 Serum organic constituents 
     
      2.10.2.2.1 Total protein  
              Biuret reagent was used to determine serum total protein 
concentration as described by King and Wooton (1965). The method is 
based on the fact that copper in alkaline solution reacts with the peptide 
bonds in protein producing violet colour.  
                     
                     Buiret:  NH2- CO- NH- CONH2 
             
           One copper atom complexes with 4 molecules of Biuret, the linkage 
being to the central nitrogen atom, the shade of colour being different for 
different proteins. The optical densities  were measured at a wave length 
of 540 nm using the colorimeter (Corning-250). 
        
      2.19.2.2.2 Albumin  
         The colorimetric method of Bartholomew and Delaney (1966) 
was used to determine the serum albumin concentration. The principle 
of the method is based on the binding of Bromocresol green (BCG) 
reagent with albumin which gives a green colour at low pH (3.8-5.0). 
The optical densities were measured at a wave length of 620 nm.  
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    2.10.2.2.3 Cholesterol  
         
          The serum cholesterol concentration was determined by the enzymatic         
colorimetric method (Trinder, 1969) 
         The cholesterol was determind after enzymatic hydrolysis and 
oxidation. The indicator quinoneimine was formed from hydrogen 
peroxide and 4-amino antipyrine in the presence of phenol and peroxide. 
                                                  
                                                           Cholesterol 
Cholesterol ester + H2O                                    Cholesterol +fatty acids                          
Esterase 
      
                                              Cholesterol 
     Cholesterol +O2                                       Cholestene-3-one + H2O2 
                                                    Oxidase                                           
 
The optical densities were measured at a wave length of 540 nm using 
the colorimeter (Corning- 250). 
 
      2.10.2.2.4 Urea  
        Serum urea concentration was determined by the enzymatic –
colorimetric test (Berthot) using a kit (Spinreact, S.A., Spain). Urea is 
hydrolyzed into ammonia and CO2 in the presence of urease, the 
ammonia is then measured colorimetrically. 
       Urea + H2O        
Urease             2NH3 +H2O2    
                                  
 
     The optical densities were measured at a wave length of 520 nm.  
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    2.10.2.2.5 Creatinine 
         The serum creatinine concentration was determined by colorimetric 
extraction method (Owen et al.,1967). Creatinine, the anhydride of 
creatine, reacts with alkaline picrate to give an orange red colour 
solution. The intensity of this colour is proportional to the creatinine 
concentration. The optical densities were measured at a wave length 500 
nm.  
 
     2.10.2.2.6 Total lipid 
         The serum total lipid concentration was determined by colorimetric 
test phosphovainilline (Chabrol, 1961) .Total lipids form a coloured 
complex when treated with phosphovainilline in sulphuric acid solution. 
The intensity of the colour is proportional to the total lipids 
concentration. The optical densities were measured at a wave length of 
520 nm 
     
     2.10.2.2.7 Triglycerides 
                 The serum triglycerides concentration was determined by the 
       enzymatic colorimetric method using a kit (Spectrum-diagnostic),  
       according to Bucolo and David (1973) principle. 
         Triglycerides are hydrolyzed by lipoprotein lipase (LPL) to glycerol 
and free fatty acids. 
                                  
                                      LPL 
        Triglycerides                           Glycerol + Fatty acids 
 
 
Glycerol is then phosphorylated to glycerol -3-phosphate by ATP in a 
reaction catalyzed by glycerol kinase (GK). 
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GK 
Glycerol + ATP                                 Glycerol -3-phosphate + ADP 
 
 
The oxidation of glycerol-3-phosphate is catalyzed by glycerol phosphate 
oxidase (GPO) to form dihydroxyacetone phosphate and hydrogen peroxide 
(H2O2).  
                                                    
Glycerol-3-phosphate  +  O2       GPO        dihydroxyacetone phosphate  +  H2O2                                        
                                                                
In the presence of peroxidase (POD), hydrogen peroxide affects the 
oxidative coupling of 4-chlorophenol and aminoantipyrine to form a red 
colour quinonmeine dye which is measured at a wave length of 546 nm. 
 
2H2O2 +4-APP +  4-Chlorophenol    POD    quinonmeine dye +  4H2O                         
                                                               
2.10.2.3 Serum inorganic constituents  
2.10.2.3.1 Sodium (Na) and Potassium (K) 
        The concentrations of Na and K in serum were determined by flame 
photometer technique as described by Wootton (1974) using a flame 
photometer (Corning 400 – UK). 
2.10.3  Hormones 
2.10.3.1 Serum insulin concentration  
        Serum insulin concentration was determined by insulin 
radioimmunoassay (RIA) kit (Beijing Institute of Atomic Research, Beijing 
China) according to Midgley et al. (1969). The radioimmunoassay method in 
this test depends upon the competition between iodine-125 labeled insulin 
and insulin in the sample (or in standard) for the limited number of binding 
sites on insulin in the specific antibody. After incubation for a fixed time, 
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separation of bound from free is achieved by the PEG-accelerated double-
antibody procedure. The tube is then counted in a gamma counter, the counts 
being inversely related to the amount of insulin present in the sample. By 
measuring the proportion of iodine-125 labeled insulin bound in the 
presence of varying known amounts of insulin standards, the concentration 
of insulin in unknown samples can be interplated.  
2.10.3.2 Serum cortisol concentration 
         Serum cortisol concentration was determined using cortisol (125I) RIA 
kit (Institute of isotopes Ltd). This assay is based on the competition 
between unlabeled cortisol and a fixed quantity of 125I-labeled cortisol for a 
limited number of binding sites on cortisol specific antibody. Allowing to 
react a fixed amount of tracer and antibody with different amounts of 
unlabeled ligand the amount of tracer bound by the antibody will be 
inversely proportional to the concentration of unlabeled ligand. Upon 
addition of magnetizable immunosorbent the antigen-antibody complex is 
bound on solid particles which are then separated by either magnetic 
sedimentation or centrifugation. Counting the radioactivity of solid phase 
enables a standard curve to be constructed and sample to be quantitated. 
 
2.11 Experimental plan  
         The general experimental plan is outlined in Table 3. The details of the 
experimental procedure are presented in specific chapters  Four experiments  
were designed and conducted to study the effects of dietary factors and 
seasonal change in thermal environment in diabetic and non-diabetic rabbits. 
Before the commencement of each experiment, the animals were allowed an 
adaptation period of 2 weeks to become used to the experimental conditions. 
          In experiment 1, six experimental trials were done to establish suitable 
dose for induction of chronic state of diabetes. In trials 1, 2, 3, 4, 5 and 6 the 
respective experimental treatments for induction of diabetes in rabbits were 
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100 mgl/kg alloxan, 50 and 75 mg/kg, 65mg/kg alloxan with glucose and 
insulin treatments, 75 and 150 mg/kg alloxan with glucose and insulin 
treatments, 125 and 150 mg/kg alloxan with glucose and insulin treatments 
and 150 mg/kg alloxan with glucose and insulin treatments. 
Experiment 2 was designed to investigate the effects of a medicinal plant 
(fenugreek) in treatment of diabetes. Experiment 3 was designed to 
investigate the effect of dietary supplementation with starch and thermal 
environment on the development of rabbits during summer  and winter. 
Experiment 4 was designed to examine the effect of  dietary 
supplementation with fat and thermal environment on the development of 
diabetes in rabbits during summer and winter 
 
2.12 Statistical analysis  
        The statistical analysis was performed using the Statistical Analysis 
System (SAS, 1988).The analysis of variance (ANOVA) test was used to 
evaluate the effects of season, dietary supplementation with starch and fat on 
thermoregulation, BW and blood constituents. The analysis of variance was 
used to examine the effect of fenugreek on blood composition. The 
experimental data are expressed as mean ± S.D and presented in Figures and 
Tables. 
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Table 3. General experimental plan 
 
Measurements No. of 
rabbits 
Experimental 
period 
season 
 
Experiment 
 
 
 
 
 
 
 
 
 
Plasma glucose 
Plasma glucose 
Plasma glucose 
Plasma glucose 
Plasma glucose 
Plasma glucose 
 
 
 
 
 
 
 
 
8 
13 
16 
12 
14 
10 
 
 
 
 
 
 
 
 
 
2 days 
7 days 
7 days 
3 days 
12 days 
6 days 
 
 
 
 
 
 
Winter 
 
 
(1) Establishment of the      
suitable dose of alloxan 
to induce chronic state of 
diabetes mellitus in rabbits 
 
 
Trial No.1 
Trial No.2 
Trial No.3 
Trial No.4 
Trial No.5 
Trial No.6 
Plasma glucose   
and serum 
cholesterol and  
insulin 
 
 
Tr, RR, BW, water
Consumption, 
blood and serum 
parameters. 
 
 
 
 
 
 
 
 
 
40 
 
8 weeks 
 
 
 
 
 
 
16 weeks 
Summer 
and 
winter 
 
 
 
Summer       
and 
Winter 
(2) The effect of fenugreek  
Diabetic and non-diabetic 
rabbits.  
 
 
 
(3) The effect of dietary 
supplementation with starch 
and thermal environment on 
the development of diabetes 
. 
 
 Tr, RR, BW, water
consumption, 
blood and serum 
parameters. 
 
 
40 
 
 
16 weeks 
 
Summer 
and 
winter 
 
(4)The effect of dietary 
supplementation with  
 fat and thermal  
environment on the 
development of diabetes. 
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CHAPTER THREE 
EXPERIMENTAL INDUCTION OF CHRONIC STATE OF 
DIABETES MELLITUS  AND THE EFFECT OF FENUGREEK 
(Trigonella foenum graecum) IN THE RABBITS 
 
3.1 Induction of chronic state of diabetes in rabbits  
 
3.1.1 Introduction  
         In studies previously reported in the literature different doses of 
alloxan were used in experimental induction of diabetes in rabbits. Male 
New Zealand White rabbits were made diabetic with a single injection of 
140-145 mg/kg of alloxan monohydrate (Fein et al., 1986); only animals 
with serum glucose concentration exceeding 300mg/dL were considered 
diabetic. It was necessary to treat almost all diabetic rabbits with small 
subcutaneous dose of protamine zinc insulin (PZI) to avoid death from 
hypoglycaemia and ketoacidosis. The insulin treatment was generally 
started 2-3 days after alloxan injection to eliminate serum ketones.  Kari 
(1986) reported that rabbits were made diabetic by injection of 125mg/kg 
of alloxan. Howell and Taylor (1967) in preliminary studies  showed that 
a suitable dose of alloxan used to induce diabetes mellitus was 160 mg/kg 
body weight. The authors indicated that this dose produced pronounced 
hypoglycaemia without necessitating the administration of glucose to 
prevent death of the animal in hypoglycaemic convulsions. The 
hypoglycaemia lasted usually 5-11 hours after the injection. In the study 
of Kloeze and Abdellatif (1975), the rabbits received 100 mg/kg alloxan 
monohydrate. The dose of alloxan was reduced for the other rabbits (90 
mg/kg) because of the high mortality that had occured in the rabbits 
injected by the first dose . They reported that rabbits were considered 
severely diabetic when their non- fasting blood glucose levels exceeded 
161 mg/dL 2 days after alloxan injection. A minority of animals did not 
respond to alloxan or they recovered from the initial hyperglycaemia.  
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          As the literature survey indicates marked variation in alloxan dose 
that could be used for experimental induction of diabetes mellitus in 
rabbits, experimental trials were conducted in order to establish the 
suitable dose for induction of chronic state of diabetes. The results 
obtained were utilized subsequently in the studies. 
 
     3.1.2 Experimental procedure  
          
          mature male rabbits were used in the experiments. During this 
period, the rabbits were kept in an animal house and were fed fresh 
Lucerne (Medicago sativa) and allowed tap water  ad libitum. The 
powder of alloxan was dissolved as 10% solution in 0.9% NaCl. Animals 
were injected into the jugular vein with freshly prepared solution of 
alloxan monohydrate. Blood samples were collected from the jugular 
vein and haemolysis-free plasma samples were used for the 
determination of glucose concentration. The data presented in the figures 
represented individual values of glucose concentration for each 
experimental group. 
  
3.1.2.1  Experiment 1: Alloxan dose: 100 mg/kg  
         Eight rabbits were used in this experiment. They were randomly  
allotted to two groups of 4 each. Group A served as control while group 
B received alloxan injection. The control group rabbits were injected 
intravenously into the jugular vein with 0.9% NaCl whereas group B 
rabbits were injected with the solution of alloxan monohydrate (Sigma, 
St. Louis, MO) (100 mg/kg). Plasma glucose concentrations were 
determined before injection of alloxan and at 0.5h, 2h, 4h, 6h, 12h, 24h 
and 48h after injection. 
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      3.1.2.2 Experiment 2:  Alloxan doses: 50 mg/kg and 75 mg/kg  
         Thirteen rabbits were used in this experiment. The rabbits were 
randomly assigned to 3 groups. Group A (4rabbits) served as control. 
Group B (5 rabbits) were injected with 50 mg /kg alloxan while group C 
(4 rabbits) were injected with 75 mg/kg alloxan.  Blood glucose levels 
were measured before injection of alloxan and at  2h, 4h, 6h, 12h, 24h , 
48h and 7 days after injection of alloxan. 
 
     3.1.2.3  Experiment 3 : Alloxan doses: 65 mg/kg, with  
             glucose and insulin treatments           
         Twelve rabbits were used in this experiment. The rabbits were 
randomly assigned to three groups. Group A (4 rabbits) served as control.  
Rabbits of group B (4 rabbits) and C (4 rabbits) were injected with 65 
mg/kg of alloxan monohydrate in 0.9% NaCl. 2g /kg of 10% D- glucose 
(wt/vol) in 0.9% NaCl were administered subcutaneously at 6 and 12 
hours after alloxan administration for group B, and 5%. D-glucose 
(wt/vol)  dissolved in water was provided in the drinking bottle for one 
day. Blood glucose level was monitored throughout the experiment. D- 
glucose was given when the glucose concentration fell to low levels. 
Rabbits with high blood glucose levels at 12 hours after alloxan injection 
were not given the second dose of D-glucose.  
          Subcutaneous insulin therapy was started 4 days after alloxan 
injection and confirmation of the diabetic state. The daily dose of insulin 
was 2-3 u /kg. Protamine  zinc insulin was given daily as from day 4 to 
day 13 after alloxan injection. Group c was not given glucose and insulin.  
3.1.2.4 Experiment 4:Alloxan dose: 75 mg/kg and 150 mg/kg with,  
            glucose and insulin treatments                  
         In this trial, 12 rabbits were randomly divided into 3 groups of 4 
rabbits each. Group A animals served as control.  Rabbits of group B 
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were injected with 75 mg/kg alloxan and treated with glucose and insulin. 
Group C rabbits were  injected with 150 mg/kg alloxan and treated with 
glucose and insulin.  
 
3.1.2.5 Experiment 5: Alloxan doses: 125 mg/kg and 150 mg/kg,  
            with glucose and insulin treatments 
           
         In this trial 14 rabbits were randomly divided into 3 groups. Group 
A (4 rabbits) served as control.  Rabbits of group B (4 rabbits) were 
injected with 125 mg/kg alloxan and treated with glucose and insulin. 
Group C (6 rabbits) were  injected with 150 mg/kg alloxan and treated 
with glucose and insulin.  
      
    3.1.2.6  Eperiment  6:Alloxan dose: 150 mg/kg, with glucose and 
                  insulin treatments 
          
         Ten rabbits were used in this experiment. Six of the rabbits were 
injected with alloxan (150 mg /kg) with glucose and insulin treatments, 
while 4 rabbits served as a control group.  
 
3.1.3 Results  
3.1.3.1 Experiment 1. Alloxan dose: 100 mg/kg  
         
          Fig. 1 shows the effect of intravenous administration of alloxan 
(dose: 100 mg/ kg) on plasma glucose concentration in rabbits. Three of 
the alloxanized rabbits died. One of the rabbits died 10 hours after 
alloxan injection and the other two died after 12 hours. The remaining 
rabbit did not develop diabetes but showed slight elevation in the plasma  
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Fig.1: Effect of intravenous administration of alloxan (dose: 100    
          mg/kg alloxan) on plasma glucose concentration in rabbits
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glucose concentration. The control group rabbits survived and did not 
show any elevation in the blood glucose level. 
 
3.1.3.2 Experiment 2. Alloxan doses: 50 mg/kg and 75 mg/kg  
                  Fig. 2 shows the effect of intravenous administration of alloxan 
(dose: 50 mg/kg) on plasma glucose concentration. In rabbits injected 
with alloxan (50 mg/kg), two of the rabbits died after 12h  while one 
rabbit died after 6 days. Two rabbits survived, but they did not develop 
hyperglycaemia. One rabbit showed an increase in the blood glucose 
concentration, but within the normal range. The blood glucose 
concentration of the rabbits in  the control group showed normal pattern. 
        Fig. 3 shows the effect of intravenous administration of alloxan 
(dose: 75mg/kg) on plasma glucose levels in rabbits. In rabbits injected 
with alloxan, three of the rabbits died 12 hour after injection of alloxan 
while one rabbit survived without development of diabetes and showed 
slight increase in the blood glucose concentration. 
 
     3.1.3.3 Experiment 3. Alloxan dose: 65 mg/kg, with glucose and 
                 insulin treatments 
        Fig. 4 shows the effet of intravenous administration of alloxan 
(dose: 65 mg/kg with glucose and insulin treatment) on plasma glucose 
concentration in rabbits. In the group of rabbits given 65mg/kg alloxan 
with glucose and insulin treatment, two of the rabbits died after 48 h. In 
the group of rabbits given alloxan, one rabbit died after 12 h; the other 
three rabbits survived without development of persistent hyperglycaemia. 
All rabbits of the control group survived. 
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Fig. 2. Effect of intravenous administration of alloxan          
          (dose:  50 mg/kg alloxan) on plasma glucose            
          concentration in rabbits. 
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Fig.4. Effect of intravenous administration of alloxan               
          (dose: 65 mg/kg with glucose and insulin treatment) 
          on plasma glucose concentration in rabbits
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3.1.3.4 Experiment 4. Alloxan doses: 75 mg/kg and 150 mg/kg, with 
             glucose and insulin treatments 
         Fig. 5 shows the effect of intravenous administration of alloxan 
(doses: 75 mg/kg and 150 mg/kg) with glucose and insulin treatment) on 
plasma glucose concentration in rabbits. All rabbits injected with 75 
mg/kg alloxan survived, but one of them developed diabetes. In rabbits 
injected with 150 mg/kg, one rabbit died 24 h after injection of alloxan. 
The other three rabbits showed blood glucose level higher than the 
normal. All rabbits of the control group survived. 
 
.3.1.3.5 Experiment 5. Alloxan doses: 125 mg/kg and 150 mg/kg, 
            with glucose and insulin treatments  
         Fig. 6 shows the effect of intravenous administration of alloxan 
(dose 125 mg/kg and 150 mg/kg) with glucose and insulin treatment) on 
plasma glucose concentration in rabbits. One of the rabbits injected with 
125 mg/kg alloxan  died 12 h after injection and one rabbit showed 
hyperglycaemia. One of the rabbits showed a slight increase in the blood 
glucose concentration. All of the control group rabbits survived.  
          In rabbits injected with 150 mg/kg alloxan glucose and insulin 
treatments, 4 of the rabbits showed high blood glucose level (they 
developed diabetes). One of the diabetic rabbits died at the 5th day. One 
rabbit survived for 45 days. 
 
    3.1.3.6 Experiment 6. Alloxan dose: 150 mg/kg with glucose and 
                insulin treatments  
         Fig. 7 shows the effect of intravenous administration of alloxan 
(dose: 150 mg/kg ) with glucose and insulin treatment) on plasma 
glucose concentration. Four of the alloxan injected rabbits developed 
diabetes indicated by plasma glucose level ≥ 200 mg/dL. 
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Fig. 5. Effect of intravenous administration of alloxan (dose: 75mg/kg and 
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    3.1.4 Discussion 
       The objective of the series of trials was to induce a chronic state of 
DM in rabbits. Also it was intended to establish an effective dose that 
could be utilized  in subsequent studies. 
         The results indicate that the onset of alloxan diabetes in the rabbits 
was characterized by a triphasic pattern of changes of plasma glucose 
concentration. The first phase was transient hyperglycaemia. It is 
commonly attributed to increased hepatic glycogenolysis. The second 
phase was a period of hypoglycaemia that could be attributed to 
unregulated release of preformed insulin from the islets of the pancreas 
(Howell and Taylor, 1967). The third phase was marked hyperglycaemia 
which was persistent, and it usually results from an absolute deficiency of 
circulating insulin. The results of experiments 1 and 2 showed that some 
of the rabbits injected with alloxan died. It was clear from the changes in 
plasma glucose concentration  that death was associated with 
hypoglycaemia. The onset and the duration of hypoglycaemia cannot be 
accurately depicted . This may be attributed  to variation in  individual 
susceptibility to the alloxan.  
         In experiments 5, 6 and 7, therapeutic measures were designed to 
secure survival beyond the acute stage of hypoglycaemia. This was 
imposed by the administration of sufficient glucose to tide over 
hypoglycaemic phase. In some animals which survived the 
hypoglycaemic stage, a rapid deterioration in the general condition 
occurred, with anorexia, loss of weight, as well as hyperglycaemia. This 
condition may represent the acute form of clinical diabetes. 
Administration of glucose with 65 mg/kg alloxan (Fig.4) and 75mg/kg 
alloxan (Fig.5) enabled  the rabbits to survive the hypoglycaemic stage, 
but they did not develop diabetes. 
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         The results indicate that the reduction of the alloxan dose from 
100mg/kg to 75 mg/kg and 50 mg/kg in trial 2 did not decrease the 
mortality of rabbits. The present findings are consistent with the 
observation of Kloeze and Abdellatif (1975) who reported that the 
alloxan dose was reduced from 100 mg/kg, because of the high mortality 
that had appeard at the first dose but decreasing the dose was not 
associated with reduction of the rate of mortality. 
         Alloxan dose between 75mg/kg and 50 mg/kg (65 mg/kg) with 
glucose and insulin treatment was examined for induction of diabetes 
(Fig. 4). The results showed that the administration of sufficient glucose 
tided over the hypoglycaemic phase and decreased the rate of mortality 
but the dose was not sufficient for induction of diabetes. Subsequantly 
higher alloxan doses (75 mg/kg and 150) mg/kg associated with glucose 
and insulin treatments were examined (Fig.5). This experimental protocol  
which utilized treatment with glucose and insulin was similar to the 
procedure adopted by Field et al. (1986), but with some modifications.  
       The results of injection of 75 mg/kg with administration of glucose 
showed that all rabbits survived, but only one of them developed 
hyperglycaemia. This indicates that the glucose treatment could 
overcome the hypoglycaemia successfully. 
         The results of injection of 150 mg/kg alloxan  with glucose and 
insulin treatment showed that most of the animals developed diabetes 
(Fig.6). The results also indicated that the number of rabbits made 
diabetic with 150 mg/kg alloxan was more than the number obtained with 
125 mg/kg alloxan.  
         In the current studies, the rabbits developed diabetes mostly on the 
third day after alloxan injection, and in some rabbits on the second day 
following injection of alloxan. Jain and Vyas (1974) indicated that 
rabbits developed diabetes in 7 days after administration of alloxan.  In 
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studies reported by  Fein et al. (1986) nonfasting serum glucose 
concentration was first measured in rabbits 3 days after alloxan injection , 
it was measured periodically thereafter; only animals with serum glucose 
concentration exceeding 300 mg/dL were considered diabetic. Kari 
(1986) indicated that plasma glucose levels were assayed 2 days after 
alloxan treatment to determine which animals had become diabetic, and 
the degree of hyperglycemia. Animals with plasma glucose levels higher 
than 200 mg /dL were used in the study. In the current trials only animals 
with plasma glucose concentration higher than 200 mg/dL were 
considered diabetic.  
         From all above results it was clear that the suitable dose of alloxan  
for induction of diabetes in rabbits was 150 mg/kg, with glucose and 
insulin treatments.  
 
     3.1.5 Summary 
 1. Six trials were conducted to determine the suitable dose of alloxan for 
     induction of chronic state of diabetes in rabbits. 
2.  With alloxan dose 100 mg/kg, three rabbits died 10-12 hr after alloxan 
     injection  
3.  With alloxan dose 50 mg/kg, two rabbits died after 12h and 6 days 
     respectively, while in rabbits injected with 75mg/kg alloxan, three 
     rabbit died 12 h after injection of alloxan.  
4.  With a dose 65 mg/kg alloxan and glucose and insulin treatment, two 
     rabbit died after 48 hr.   
5. With 75 mg/kg of alloxan and glucose and insulin treatment, one rabbit          
    developed diabetes while with a higher dose of 150 mg/kg with        
     glucose and insulin treatment one rabbit died after 24 h after alloxan   
     injection. The other rabbits developed diabetes. 
6. In rabbits reciving alloxan dose 125 mg/kg with glucose and insulin  
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     treatment, one rabbit died and one rabbit developed diabetes, while in     
     rabbits injected with 150 mg/kg with glucose and insulin treatment  
     alloxan  four rabbits developed diabetes. 
7.  All rabbits injected with alloxan dose 150 mg/kg with glucose and  
     insulin treatment developed diabetes.      
 
3.2 Effects of fenugreek (Trigonella foenum graecum) on blood   
      constituents of rabbits 
3.2.1 Introduction 
         Herbal medicine plays an important role in anti-diabetes treatment 
(Parka et al., 2005). Fenugreek (Trigonella foenum graecum) is a 
member of leguminosae family. Fenugreek seeds have been documented 
as a traditional plant treatment for diabetes. The antidiabetic properties of 
a soluble dietary fibre  fraction of fenugreek in normal, type 1 or type п 
diabetic rats significantly improved oral glucose tolerance (Hannan et al., 
2007).  The fenugreek significantly reduced fasting blood sugar and 
improved the glucose tolerance test. Further, this therapy also resulted in 
an improved serum lipid profile with significant reduction in serum total 
cholesterol, LDL and VLDL cholesterol and triglycerides (Raju et al., 
2001).  
         Fenugreek seeds contain alkaloids (mainly trigonelline) and protein 
high in lysine and L-tryptophan. Its steroidal saponins (diosgenin, 
yamogenin, tigogenin, and neotigogenin) and mucilaginous fibre are 
thought to account for many of the beneficial effects. The steroidal 
saponins are thought to inhibit cholesterol absorption and synthesis 
(Sauvaire et al., 1991) while the fibre may help lower blood glucose level 
(Ribes et al., 1986). Use of more than 100 grams of fenugreek seeds daily 
can cause intestinal upset and nausea in humans, otherwise, fenugreek is 
extremely safe (Brinker, 1998). 
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          Fenugreek seed had antidiabetic and hypocholesterolaemic 
properties in both animal models and humans. The activity has been 
attributed largely to fenugreek's saponin and high fibre content, and is 
probably not related to its major alkaloid trigonelline. 
Antihyperglycaemic effects have been linked to delayed gastric emptying 
caused by the fibre content, and to unidentified components that inhibit 
carbohydrate digestive enzymes (Al-Habori and Raman, 1998). 
Fenugreek administration may increase plasma insulin levels in vivo. Its 
major free amino acid, 4-Hydroxyisoleucine, an insulinotropic compound 
isolated from seeds increased the insulin release in glucose fed 
hyperglycaemic rats and humans (Sauvaire et al., 1998). It also repaired 
the liver and kidney damage caused by alloxan in diabetic rats (Thakran 
et al., 2004).  
         The hypocholesterolaemic effect has been attributed to increased 
conversion of hepatic cholesterol to bile salts due to loss, in the faeces, of 
complexes of these substances with fenugreek fibre and saponins. 
Fenugreek administration has not been reported to cause any 
toxicological effects. Its regular consumption may therefore be beneficial 
in the management of diabetes and the prevention of atherosclerosis and 
coronary heart disease (Al-Habori and Raman, 1998). The primary goal 
of this experiment was to examine the effects of fenugreek on blood 
constituents of rabbits. 
    3.2.2 Experimental plan 
         This experiment was designed to evaluate the effects of fenugreek 
on body weight, certain blood metabolites and insulin concentration in 
non-diabetic and diabetic rabbits. Twenty adult  healthy male rabbits 
were used. They were randomly assigned to 4 groups (A, B, C and D), of 
5 animals each. Group A and B were made diabetic using 150 mg/kg of 
alloxan monohydrate with glucose and insulin treatments. Group A 
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diabetic rabbits were fed lucerne only and served as a diabetic control, 
group B was fed lucerne supplemented with fenugreek. Group C (non-
diabetic rabbits) were fed Lucerne, and group D (non-diabetic rabbits) 
were fed lucerne supplemented with fenugreek. The fenugreek seed 
powder was administered daily at 2.5 g/kg orally to normal and alloxan 
induced diabetic  rabbits. The powder of fenugreek was dissolved in 
water and was administered to rabbits by gavage.  All animals were given 
free access to tap water. The rabbits were subjected to the experimental 
protocol for 8 weeks during summer.  
         During the experimental period, the body weights (BW) of the 
rabbits were measured at weekly intervals. Jugular blood samples were 
collected weekly at 7:00 a.m. and plasma samples  were used for the 
determination of plasma glucose, serum cholesterol and insulin.  
         The analysis of variance (ANOVA) test was used to examine the 
effect of supplementation with fenugreek in diabetic and non- diabetic 
groups of rabbits on the parameters measured.   
 
3.2.3 results 
          The results of the effects of fenugreek supplementation on BW, 
plasma glucose, serum cholesterol and insulin concentrations in diabetic 
and non-diabetic rabbits are shown in Table 4. 
    3.2.3.1. Body weight (BW) 
      The effects of supplementation with fenugreek on mean BW of 
diabetic and non-diabetic rabbits are shown in Fig 8 and Table 4. Table 4 
shows that there was no significant difference  in mean BW between 
experimental groups. However, the diabetic groups of rabbits had slightly 
lower values of BW compared to the corresponding values of non-
diabetic groups. Supplementation with fenugreek was associated with a 
slight increase in BW of diabetic and non-diabetic groups of rabbits.  
62 
 
Table 4: The effect of supplementation with fenugreek on BW,  
              plasma glucose, serum cholesterol and insulin concentration   
              in diabetic and non-diabetic rabbits. 
 
Parameter 
Non-
diabetic 
rabbits 
fed 
Lucerne 
Non-diabetic 
rabbits fed 
Lucerne + 
fenugreek 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + 
fenugreek 
 
 
LS 
Body weight   
(g) 
1200 a 
±20 
    
   1277 a 
    ±14  
 
1108 a 
± 45 
1137a 
± 18 
 
NS 
Glucose 
(mg/mL) 
    98.78c 
±8.15  
     89.85c 
±5.41  
323.57 a 
± 25.42 
296.06 b 
± 44.23 
 
*** 
Cholesterol 
(mg/dL) 
 
33.91a 
±2.10 
 
34.19a 
±2.52  
46.74 b 
± 5.68 
42.13 b 
± 1.72 
 
* 
Insulin 
(mU/mL) 
12.76a 
± 0.83 
12.84a 
± 2.12 
6,37b 
± 0.73 
7.76b 
± 0.85 
 
*** 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : significant at P<0.05 
***: significant atAS P<001 
NS : not significant 
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Fig.8.  Effect of supplementation with fenugreek on plasma    
            weight (BW) in diabetic and non-diabetic rabbits
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Fig. 8 shows that there was slight gradual increase in BW of diabetic and 
non- diabetic groups of rabbits supplemented with fenugreek.  
     3.2.3.2 Plasma glucose 
 Table 4 and Fig. 9 show the effect of supplementation with fenugreek 
on plasma glucose concentration. Diabetic groups of rabbits maintained 
significantly (P<0.001) higher plasma glucose concentrations compared 
to the non-diabetic groups. The group of diabetic rabbits supplemented 
with fenugreek showed significantly (P<0.001) lower glucose 
concentration  than the values obtained for respective group of diabetic 
rabbits fed lucerne only. However, supplementation with fenugreek 
resulted in a slight decrease in glucose concentration of non-diabetic 
group of rabbits (Table 4). The diabetic group of rabbits supplemented 
with fenugreek showed progressive decrease in glucose concentration 
during the experimental period. 
3.2.3.3  Serum Cholesterol 
 Table 4 and Fig. 10 show the effect of supplementation with 
fenugreek on cholesterol concentration in diabetic and non-diabetic 
rabbits. The diabetic groups of rabbits had significantly (P<0.001) higher 
values of cholesterol concentration than non-diabetic groups of rabbits. 
However, the diabetic and non-diabetic groups of rabbits supplemented 
with fenugreek had slightly lower values of cholesterol compared to the 
respective diabetic group fed Lucerne only (Table 4). The diabetic group 
of rabbits supplemented with fenugreek showed gradual decrease in 
cholesterol concentration (Fig. 10). 
    3.2.3.4 Serum insulin 
        Table 4 and Fig. 11 show the effects of supplementation with 
fenugreek on serum insulin level in diabetic and non-diabetic rabbits. The 
diabetic groups of rabbits had significantly (P<0.001) lower values of  
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Fig.9. Effect of supplementation with fenugreek on plasma              
           glucose concentration in diabetic and non-diabetic                 
           rabbits
0
50
100
150
200
250
300
350
400
1 2 3 4 5 6 7 8
Time (weeks)
G
lu
co
se
 (m
g/
dL
)
Non-diabetic rabbits fed Lucerne
Non-diabetic rabbits fed lucerne + fenugreek 
Diabetic rabbits fed Lucerne
Diabetic rabbits fed lucerne + fenugreek
 
 
 
 
 
66 
 
Fig.10. Effect of supplementation with fenugreek on serum              
            cholesterol concenration in diabetic and non-diabetic            
             rabbits
0
10
20
30
40
50
60
70
1 2 3 4 5 6 7 8
Time (weeks)
C
ho
le
st
er
ol
 (m
g/
dL
)
Non-diabetic rabbits fed Lucerne
Non-diabetic rabbits fed lucerne + fenugreek 
Diabetic rabbits fed Lucerne
Diabetic rabbits fed lucerne + fenugreek
 
 
 
 
 
67 
 
Fig.11. Effect of supplementation with fenugreek on serum 
insulin concentration in diabetic and non-diabetic rabbits.
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insulin concentration  compared to the values measured for non-diabetic 
groups. Supplementation with fenugreek had no significant effect on 
insulin concentration in diabetic and non-diabetic group of rabbits. 
However there was a slight increase in insulin concentration of diabetic 
rabbits with fenugreek supplementation.  
 
3.2.4 Discussion 
         The results indicate that regardless of supplementation with 
fenugreek, the diabetic groups tended to maintain lower body weights 
(BW) compared to the non-diabetic groups. Also it is apparent that 
fenugreek supplementation was associated with higher body weight. This 
finding indicates that the mechanisms involved in maintenance of body 
weight were enhanced when the rabbits were supplemented with 
fenugreek. 
         The diabetic groups of rabbits maintained significantly higher 
plasma glucose concentration compared to the non- diabetic groups. This 
confirms findings reported earlier (Hollenbeck, 1993).  The groups of 
diabetic rabbits supplemented with fenugreek showed significantly lower 
values of glucose concentration than the respective group of diabetic 
rabbits fed lucerne only. This hypoglycaemic effect is thought to be 
largely due to its high content of soluble fibre which acts to decrease the 
rate of gastric emptying, thereby delaying absorption of glucose from the 
small intestine (Yin et al., 2003).   The seeds of fenugreek contain about 
50 % fibre, of which 20 percent is fibre similar to guar gum, which is a 
known hypoglycaemic agent. The high level of fibre interferes with 
carbohydrate absorption. The protein fraction of the seeds contains the 
amino acid 4-hydroxyisoleucine which stimulates insulin production 
(Sauvaire et al., 1996). The hypoglycaemic effect of fenugreek seed is 
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mediated, at least in part, by the activation of an insulin signaling 
pathway in adipocytes and liver cells (Vijayakumar et al., 2005) 
         The hypoglycaemic effect of fenugreek reported  in rabbits in the 
current study is in  agreement with the findings of  Satyanarayana et al. 
(2003) and Satyanarayana et al, (2007). However, Swanston et al. (1998) 
did not find significant alteration in plasma glucose concentration. 
Furthermore, Raju et al (2001) reported that fenugreek seed improves 
glucose homeostasis in alloxan diabetic rat tissues by reversing the 
altered glycolytic, gluconeogenic and lipogenic enzymes. 
         The results indicate that diabetic groups maintained significantly 
higher serum cholesterol concentration (Fig. 10). This also confirm 
findings reported earlier in diabetic rabbits (Raju et al., 2001).  
. Furthermore, the diabetic group supplemented with fenugreek had lower 
serum cholesterol concentration. The reduction in cholesterol 
concentration may be attributed to the effect of the saponin present in 
fenugreek seeds which has been shown to lower cholesterol levels 
(Szkudelski et al., 1998). Also, the fibre in general enhances faecal 
excretion of bile acids and cholesterol. Other studies reported reduction 
in serum cholesterol levels (Al-Habori and Raman, 1998; Satyanarayana 
et al.,  2007) in rabbits. Prasanna (2000) reported in a double blind study 
the reduction of cholesterol in rats receiving fenugreek. The therapeutic 
role of fenugreek seed powder in type 1 diabetes can be attributed to the 
change of glucose and lipid metabolizing enzyme activities to normal 
values, thus stabilizing glucose homeostasis in the liver and kidney. 
These biochemical effects exerted by fenugreek seeds make it a possible 
new therapeutic in type1 diabetes. 
         The oral administration of fenugreek to diabetic and non-diabetic 
rabbits was not associated with a significant change in serum insulin 
concentrations (Fig.11). However, there was a slight increase in insulin 
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concentration of diabetic rabbits receiving fenugreek. This response may 
be related to regenerative effect of fenugreek on pancreatic tissue. Nelson 
et al. (1991) reported regenerative effect of fibre on pancreatic tissue in 
dogs with alloxan-induced diabetes  and stimulation of  B cells to 
produce more insulin.  The protein fraction of the seeds contains the 
amino acid 4-hydroxyisoleucine which has been proven to stimulate 
insulin release (Sauvaire et al., 1996). However, Swanston et al. (1998) 
found that fenugreek seeds did not affect insulin concentration. 
 
3.2.5 Summary 
1. Twenty adult rabbits were used to investigate the effects of 
supplementation with fenugreek on body weight, plasma glucose, serum 
concentrations of cholesterol and insulin in diabetic and non-diabetic 
rabbits. 
2. Diabetic and non-diabetic groups of rabbits supplemented  with 
fenugreek showed a slight increase in BW. 
3. Supplementation with fenugreek resulted in a significant decrease in 
glucose concentration of diabetic group of rabbits while it was slight in 
non-diabetic rabbits. 
4. Diabetic groups of rabbits had significantly higher serum cholesterol 
concentration compared to non-diabetic groups. Supplementation with 
fenugreek lowered the cholesterol concentration slightly in diabetic 
groups.  
5. The diabetic groups of rabbits maintained significantly lower serum 
insulin concentration compared to the respective values obtained for the 
non-diabetic groups. Supplementation with fenugreek slightly increased  
serum insulin concentration in diabetic rabbits.  
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CHAPTER FOUR 
EFFECTS OF DIETARY STARCH SUPPLEMENTATION AND                             
THERMAL ENVIRONMENT ON PHYSIOLOGICAL 
RESPONSES OF RABBITS TO DIABETES MELLITUS 
 
4.1 Introduction 
         Dietary factors may influence the prognosis of diabetes. Dietary 
advice is important for diabetics as dietary modification limits the 
demands made upon a failing pancreas. The principles of dietary advice 
for diabetic patients are similar for insulin dependant diabetes mellitus 
(IDDM) and non-insulin dependant diabetes mellitus (NIDDM) (Rees 
and Williams, 1995).  
         The impact of a high carbohydrate diet is mainly seen as severe 
post-prandial glycaemia and an increase in insulin resistance (Modi et al., 
2005).   Protein and fat seem to augment the glycaemic response to food 
very little and usually blunt the rate of increase in blood glucose by 
reducing the rate of absorption. Therefore, carbohydrate appears to be the 
food component that produces almost all of the blood glucose increase 
after meal. Great variations in the postprandial glucose concentration and 
insulin secretory responses to different foods have been shown in dogs 
(Holste et al., 1989; Nguyen et al., 1994). The extent of postprandial 
hyperglycaemia and insulin secretion depends on the amount of food and 
carbohydrate consumed per meal. However, different kinds of 
carbohydrate elicit different glucose and insulin concentrations, because 
their chemical nature, especially the ratio of amylose to amylopectin 
forms of starch, may affect their rate and speed of digestion. Dietary fibre 
slows down the rate of passage and the rate of hydrolysis of starchy 
polysaccharides (Wolever, 1996). The component of the diet that has the 
greatest influence on blood glucose is carbohydrate (Nancy et al., 2004). 
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Both the quantity and the type or source of carbohydrate found in foods 
influence postprandial glucose level (Franz et al., 2002). Diets providing 
high amounts of simple carbohydrates and/or fructose (Hollenbeck, 1993) 
are associated with insulin resistance, and low plasma HDL cholesterol. 
In contrast, diets providing high amounts of complex carbohydrates and 
fiber are associated with increased insulin sensitivity (Riccardi and 
Rivellese, 1991, 2000).  
         Feeding rats an oligofructose (OFS) supplemented diet could cause 
a significant reduction in plasma lipid levels. The hypolipidaemic effect 
of OFS may be due to changes in liver lipid metabolites. Chronic feeding 
of an OFS-supplemented diet to rats significantly reduced the capacity of 
isolated hepatocytes to synthesize triglycerides from palmitate (Fiordaliso 
et al., 1995). Classifying the glycaemic responses of carbohydrate foods 
using the glycaemic index (GI) requires standardized methodology for 
valid results.  
         Dietary carbohydrates influence metabolism by at least four 
mechanisms: nature of the monosaccharides absorbed, amount of 
carbohydrate consumed, rate of absorption, and colonic fermentation. 
Reducing glycaemic responses by reducing carbohydrate intake increases 
postprandial serum free-fatty acids (FFA) and does not improve overall 
glycaemic control in diabetic subjects (Wolever, 2003).  
        The effect of changes in environmental temperature  suggest that 
heat stress might aggravate diabetic complications, and body exposure to 
hot environmental conditions is not recommended for diabetic patients 
(Ohtsuka et al., 1995). However, there is paucity of information regarding 
the effect of thermal environment on responses of mammals to diabetes. 
Therefore this experiment was designed to investigate the effects of 
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dietary starch supplementation on physiological responses of rabbits in 
relation to seasonal changes in thermal environment under tropical 
conditions. 
 4.2 Experimental plan 
         Twenty adult apparently healthy male rabbits were used . They 
were randomly assigned to 4 groups (A, B, C and D). Group A and B 
were made diabetic using alloxan dose 150 mg/kg  with glucose and 
insuln treatments.  Group A (diabetic rabbits) was fed lucerne only and 
served as a diabetic control. Group B was given lucerne supplemented 
with starch. Group C (non diabetic rabbits) was fed Lucerne. Group D 
(non diabetic rabbits) was fed lucerne supplemented with starch. Starch 
supplemented in the form of ground corn seed (Table 1). Each of the 
supplemented group animal received  50 mg at 7 a.m.). All animals were 
given free access to tap water. The rabbits were subjected to the 
experimental protocol for 8 weeks. 
         During the experimental period, the rectal temperature (Tr) and  
respiratory rate (RR) were measured weekly at 8 a.m. Jugular blood 
sample were collected weekly. The body weights of the rabbits were 
measured at weekly intervals. 
         The environmental temperature (Ta) and relative humidity (RH) 
prevailing during the experimental period are shown in table 5. The 
analysis of variance (ANOVA) was used to examine the effect of 
supplementation with starch and season on the parameters investigated in 
diabetic and non-diabetic rabbits. This experiment was conducted during 
April-June (summer) (2003) and February- March  (winter) (2004).   
  
 
 
74 
 
 
 
 
Table 5. The mean values of ambient temperature (Ta) and relative  
               humidity, RH  prevailing during the experimental period.     
 
 
 
 
 
 
 
 
 
 
 
 
Summer 
(April- June 2003) 
Winter 
(February, - March 2004)  
) 
Ta (οC) RH (%) Ta (οC) RH 
(%) 
 
Experimental 
period 
(weeks) 
Max Min Mean Mean Max Min Mean Mean 
1 38.94 19.27 29.10 14.57 30.24 13.45 21.85 24.14 
2 39.6 19.07 29.33 15.14 27.51 12.75 20.13 34.00 
3 38.4 22.72 30.56 14.57 33.30 17.00 25.15 25.43 
4 40.21 25.07 32.64 14.57 32.81 14.71 23.76 23.28 
5 40.72 24.02 32.37 14.57 37.87 17.50 27.69 30.42 
6 43.11 26.02 34.57 27.42 39.25 20.12 29.37 27.28 
7 42.13 29.00 35.56 34.00 35.7 17.98 26.84 25.71 
8 43.4 28.57 35.98 26.57 33.7 15.24 24.47 22.71 
Mean+ SD 40.81 24.22 32.51 20.17 33.79 16.09 24.90 26.62 
 + 1.88 + 3.51 + 2.52 + 7.37 + 3.84 + 2.48 + 3.05 + 3.85 
75 
 
4.3 Results  
4.3.1 Thermoregulation  
4.3.1.1 Rectal temperature (Tr) 
          The results of the effects of dietary starch supplementation on 
rectal temperature (Tr), respiratory rate (RR), body weight (BW) and 
water consumption in diabetic and non-diabetic groups of rabbits are 
shown in Tables 7 and 8 during summer and winter respectively. 
 Figs. 12, 13, 14 show the effects of supplementation with starch 
and seasonal changes in thermal environment on Tr in diabetic and non-
diabetic rabbits. During summer (Fig.12), the general pattern indicates 
that the two diabetic groups (diabetic group fed lucerne and diabetic 
group fed lucerne and starch) had higher Tr value compared to the non-
diabetic groups (non-diabetic rabbits fed lucerne and non-diabetic rabbits  
fed lucerne and starch). The Tr of groups of rabbits supplemented with 
starch (both diabetic and non-diabetic groups) increased progressively. 
Supplementation with starch had no significant effect on the non-diabetic 
groups of rabbits. However, the group of diabetic rabbits fed lucerne and 
starch had significantly (P<0.05) higher Tr value compared to the other 
groups (Table 6).  
         Figs. 13 shows the effect of supplementation with starch on Tr in 
diabetic and non-diabetic rabbits during winter. The initial values of Tr 
for groups of diabetic rabbits were slightly higher than the non-diabetic 
rabbits. There was no consistent pattern for Tr for the different groups. 
The mean values of Tr  in non-diabetic rabbits fed lucerne was significant 
(P<0.001) lower compared to  other groups (Table 7). 
 Fig. 14 shows the effects of starch supplementation and season on 
Tr. For all experimental groups, the mean Tr value was higher during 
summer compared to the respective winter value. The diabetic group of 
rabbits fed lucerne and starch had significantly (P<0.001)  higher Tr in  
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Table 6. The effect of supplementation with starch in diabetic and non- 
               diabetic rabbits during summer on Tr, RR, BW and water  
               consumption  
 
 
 Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
***: P<001 
 
 
 
 
 
 
 
 
 
 
Parameter 
 
Non-
diabetic 
rabbits fed 
Lucerne 
Non-
diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + 
starch 
 
 
LS 
Tr (°C)     39.64
 b 
± 0.44 
    39.67 b 
± 0.35 
     39.72b 
±  0.78 
       40.13 a 
± 0.49 
 
* 
RR 
(breaths/min) 
    183.70 ab 
± 30.11 
    194.48 a 
± 30.33 
    178.88 b 
± 32.94 
      183.78 ab 
± 32.94 
 
* 
Body weight 
(g) 
  1248.28 b 
± 61.87 
1417.65 a 
± 110.75 
1221.24 b 
± 145.28 
1156.18 c 
± 194.08 
 
*** 
Water 
consumption 
(ml) 
       89c 
± 21 
      79c 
± 22 
200 b 
± 43 
259a 
± 98 
 
*** 
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Table 7. The effect of supplementation with starch on Tr, RR, BW and 
              water consumption in diabetic and non-diabetic rabbits during  
              winter. 
 
 
Parameter 
 
Non-
diabetic 
rabbits fed 
Lucerne 
Non-diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic rabbits 
fed Lucerne + 
starch 
 
 
LS 
Tr (°C) 39.49
b 
± 0.45 
39.68a 
± 0.29 
39.65a 
± 0.31  
39.69a 
± 0.32 
 
* 
RR 
(breath/min) 
119.30a 
± 22.07 
120.80a 
± 21.63 
111.75a 
± 25.23 
119.12a 
± 25.88 
 
NS 
Body weight 
(g) 
1288.00b 
± 253.80 
1469.38a 
± 190.87 
1255.25b 
± 129.39 
1263.25b 
± 111.03 
 
*** 
Water 
consumption 
(ml) 
   68.28c 
± 29.72 
       69.37c 
±27.93 
    97.93b 
± 25.87 
        128.88a 
± 21.03 
 
*** 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
***: P<001 
NS : not significant 
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Fig.12. Effect of dietary supplementation with starch on 
            rectal temperature (Tr) in diabetic and non-diabetic    
            rabbits during summer. 
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Fig 13 :Effect of dietary supplementation with fat on rectal
            temperature (Tr) in diabetic and non-diabetic rabbits during
            winter
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Fig.14. Effect of dietary supplementation with starch and        
            seasonal changes in thermal environment on rectal    
            temperature (Tr) in diabetic and non-diabetic 
            rabbits.
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summer compared with winter. However, the season did not influence 
significantly Tr values in other experimental groups. 
 
4.3.1.2 Respiratory Rate (RR) 
 Figs. 15, 16 and 17 show the effect of supplementation with starch 
and season on respiratory rate (RR).  
 During summer (Fig. 15), the initial values of RR ranged from 143 
to 166 breaths/min. The general pattern indicates that for all groups there 
was gradual increase in RR during the experimental period. However, 
higher values for the different groups of rabbits were obtained on the 
seventh week of the experimental period. Table 6 shows that non-diabetic  
rabbits fed lucerne and starch had significantly (P<0.05) higher RR value 
compared to the other groups. 
 Fig. 16 shows the effects of supplementation with starch on RR in 
diabetic and non-diabetic rabbits during winter. There was no significant 
difference between the groups during the course of the experiment. 
However, the highest value for all groups were recorded in the eighth 
week. 
 The mean RR values of all experimental groups were significantly 
(P<0.001) higher during summer compared with the respective winter 
values (Fig.17). 
 
4.3.2. Body weight (BW) 
 The effects of supplementation with starch on mean BW in diabetic 
and non-diabetic rabbits are shown in Figs. 18, 19 and 20.  
 During summer (Fig. 18), the initial value of BW of group of non-
diabetic rabbit fed lucerne and starch was higher than the other groups.  
 82 
 
Fig.15 Effect of dietary supplementation with starch on           
           respiratory rate (RR) in diabetic and non-diabetic         
           rabbits during summer.
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Fig.16. Effect of dietary supplementation with starch on          
            respiratory rate (RR) in diabetic and non-diabetic        
            rabbits during winter.
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Fig.17. Effect of supplementation with starch and seasonal    
            change in thermal environment on respiratory rate      
            (RR) in diabetic and non-diabetic rabbits.
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Fig.18. Effect of dietary supplementation with starch on          
            mean  body weight (BW) in diabetic and non-              
            diabetic rabbits during summer.
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Fig.19. Effect of dietary supplementation with starch on
            body weight (BW) in diabetic and non-diabetic      
            rabbits during winter. 
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Fig.20. Effect of dietary supplementation with starch and                 
            seasonal changes in thermal environment on body                 
            weight (BW) in diabetic and non-diabetic rabbits
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       This group showed a slight progressive increase in BW. The non-
diabetic rabbit fed lucerne and starch had significantly (P<0.001) higher 
mean BW values compared to the other groups (Table 6). There was 
progressive increase in BW of the diabetic groups in 3-4 weeks, 
thereafter, there was progressive decline to the end of the experiment. 
The decline was more pronounced in diabetic rabbits fed lucerne and 
starch. 
 During winter (Fig.19), the initial BW value of non-diabetic rabbits 
fed lucerne and starch was higher in comparison to the other groups. This 
group maintained significantly (P<0.001) higher BW values compared to 
the other groups. At week 7, there was a decline in BW in non-diabetic 
rabbits fed lucerne. (Table 7).           
         Fig. 20 shows that the diabetic group of rabbits fed lucerne and 
starch had significantly (P<0.05) higher BW during winter compared to 
the respective summer value. However, for the other experimental 
groups, there was no significant seasonal variation.  
4.3.3. Water consumption 
 The effects of supplementation with starch and seasonal change in 
thermal environment on water consumption in diabetic and non-diabetic 
rabbits are shown in Figs. 21, 22 and 23.  
           During summer (Fig. 21), initial values of water consumption were 
higher for the diabetic groups than the non-diabetic groups. The general 
pattern indicates that the diabetic groups of rabbits had higher water 
consumption values compared to the non-diabetic groups. 
Supplementation with starch was associated with  a significant (P<0.001) 
increase in water consumption in the diabetic groups (Table 6).  
 During winter (Fig. 22), initial values of water consumption were 
higher for the diabetic groups than the non-diabetic groups. The general  
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Fig.21. Effect of dietary supplementation with starch on          
            mean  water consumption in diabetic and non-            
            diabetic rabbits during summer.
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Fig.22. Effect of dietary supplementation with starch on          
            mean  water consumption in diabetic and non-            
            diabetic rabbits during winter.
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Fig.23.  Effect of dietary supplementation with starch and                
             seasonal changes in thermal environment on mean  
             water consumption in diabetic and non-diabetic  
             rabbits.
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  pattern indicates that the diabetic groups of rabbits had higher water 
consumption values compared to the non-diabetic groups of rabbits. 
 Generally, there was gradual increase in water consumption  in 
diabetic groups during the experimental period. There was no significant  
difference between non-diabetic groups. However , diabetic rabbits fed 
lucerne and starch had significantly higher value than the diabetic rabbits 
fed lucerne only (Table 7). 
         Fig. 23 shows that  non-diabetic group of rabbits fed lucerne had 
significantly (P<0.05) higher values of water consumption during 
summer compared to the winter value, while non-diabetic group of 
rabbits supplemented with starch had no significant seasonal variation. 
The mean values of water consumption of diabetic groups were 
significantly (P<0.001) higher during summer compared to respective 
winter values (Fig. 23 ). 
 
4.3.4 Blood analysis  
4.3.4.1 Haematological parameters 
          The results of the effects of dietary starch supplementation and 
seasonal change in thermal environment  on haematological values during 
summer and winter are shown in Tables 9 and 10 respectively.   
4.3.4.1.1 Packed cell volume (PCV) 
 The effects of supplementation with starch and season on PCV in 
diabetic and non-diabetic rabbits are shown in Figs. 24, 25 and 26.  
         During summer (Fig. 24), the initial values of PCV were not similar 
for the experimental groups of rabbits. The diabetic groups had higher  
initial values than the non-diabetic groups. Generally, the diabetic groups 
of rabbits had lower values of PCV compared to the respective values of 
the non-diabetic rabbits during the experimental period. There was 
progressive decrease in the last 4 weeks of the experiment. The decline  
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Table 8. The effect of supplementation with starch on PCV, Hb and TLC  
               in diabetic and non-diabetic rabbits during summer. 
 
 
 
Parameter Non-diabetic 
rabbits fed 
Lucerne 
Non-
diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + 
starch 
 
 
Ls 
 
PCV (%)      37.65
 b 
± 2.87 
     40.20 a 
± 3.90 
      37.29 b 
± 3.78 
       35.50 c 
± 4.30 
 
*** 
Hb (g/dl)      9.55
 b 
± 0.97 
     10.38 a 
± 1.30 
      9.32 b 
± 1.15 
        8.71 c 
±1.26 
 
*** 
TLC 
(x103/µL) 
     6.75 a 
± 1.48 
     6.94 a 
± 1.82 
      6.55 a 
± 1.73 
       6.54 a 
± 2.05 
 
NS 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
***: P<001 
NS : not significant 
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Table 9. The effect of supplementation with starch on PCV, Hb and TLC  
              in diabetic and non-diabetic rabbits during winter. 
   
 
 
 
Parameter 
Non-diabetic 
rabbits fed 
Lucerne 
Non-
diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + 
starch 
 
 
Ls 
 
 PCV (%)      42.70
 a 
± 3.07 
    40.68 b 
± 3.18 
      36.50 c 
± 3.10 
       37.40 c 
± 2.38 
 
 *** 
Hb (g/dl) 10.89
 a 
± 0.16 
10.29 b 
± 1.05 
      9.07 c 
± 0.86 
       9.07 c 
± 0.67 
 
  ** 
TLC 
(x103/µL)      5.98
 b 
± 1.03 
     6.29 a 
± 1.10 
      6.87 a 
± 1.51 
       6.92 a 
± 2.12 
 
** 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance  
**  : P<01 
***: P<001 
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Fig.24. Effect of dietary supplementation with starch on          
            packed cell volume (PVC) in diabetic and non-            
            diabetic rabbits during summer.
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Fig.25.  Effect of dietary supplementation with starch on PCV         
             in diabetic and non-diabetic rabbits during winter.
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Fig.26. Effect of dietary supplementtion with starch and seasonal    
             change in thermal enviroment on PCVin diabetic and
             non- diabetic rabbits.
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was more pronounced in the diabetic groups. Table 8 shows that diabetic 
group fed lucerne and starch had significantly (P<0.001) lower PCV than 
the diabetic group fed lucerne and the non-diabetic groups. 
         During winter (Fig 25), the diabetic groups of rabbits showed lower 
values of PCV compared to respective non-diabetic values. Table 9 
shows that diabetic groups had significantly (P<0.001) lower PCV values 
compared to the respective values of the non-diabetic groups. During the 
last three weeks of the experiment, there was gradual decline in the 
values of PCV in all groups. 
         Fig. 26 shows that there were no seasonal variation  in PCV for 
diabetic groups and the non-diabetic group of rabbits fed lucerne and 
starch. However, the non-diabetic rabbits fed lucerne had significantly 
(P<0.001) higher PCV during winter compared to summer. 
4.3.4.1.2 Haemoglobin concentration (Hb) 
 Figs. 27, 28, and 29 show the effect of supplementation with starch 
and season on Hb concentration in diabetic and non-diabetic rabbits.  
 During summer (Fig. 27), generally the diabetic groups of rabbits 
showed lower values of Hb concentration compared to the respective 
values of the non-diabetic rabbits. Table 8 shows that non-diabetic groups 
of rabbits had significantly (P<0.001) higher value than other groups, 
while diabetic group fed lucerne and starch had significantly (P<0.001) 
lower Hb values. 
          During winter (Fig 28), the diabetic groups of rabbits showed lower 
Hb values compared to respective non-diabetic values. Table 9 shows that 
diabetic groups had significantly (P<0. 01) lower values compared to the 
respective values of the non-diabetic groups. 
          Fig. 29 indicates that diabetic groups of rabbits and non-diabetic 
rabbits fed lucerne and starch had no significant seasonal variation in Hb  
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Fig.27. Effect of dietary supplementation with starch on          
             haemoglobin concentration (Hb) in diabetic and 
           non-diabetic rabbits during summer.
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Fig. 28. Effect of dietary supplementation with starch on                  
           haemoglobin concentration (Hb) in diabetic and non-            
           diabetic rabbits during winter.
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Fig.29. Effect of dietary supplementation with starch 
            and seasonal changes in thermal environment 
            on Hb concentration in diabetic and non-diabetic 
            rabbits
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concentration, while non-diabetic rabbits fed lucerne had significantly 
(P<0. 001)   higher Hb value during winter compared to summer value. 
 
4.3.4.1.3 Total leukocyte count (TLC) 
  
          Figs. 30, 31 and 32  show the effects of supplementation with 
starch and season on TLC in diabetic and non-diabetic rabbits.  
 During summer (Fig 30), the general pattern indicates that there 
were fluctuations in TLC for all experimental groups. Table 8 indicates 
that there was no significant difference in TLC between experimental 
groups. During winter (Fig 31), there was no consistent pattern for all 
experimental groups. However, diabetic groups of rabbits had higher 
TLC values compared to the non-diabetic groups during weeks 5,6,7 and 
8.  Table 9 shows that non-diabetic groups of rabbits fed lucerne had 
significantly (P<0.01) lower values of TLC in contrast to the respective 
values of other groups. 
 Fig. 32 shows that non-diabetic group of rabbits had significantly 
(P<0.001) higher TLC values during summer compared to winter values. 
The diabetic groups of rabbits had no significant seasonal variation in 
TLC. However, winter values were higher in diabetic rabbit groups.    
 
4.3.4.2 Blood metabolites 
 4.3.4.2.1  Plasma glucose 
         The results of the effects of dietary starch supplementation and 
season on blood metabolites during summer and winter are shown in 
Tables 11 and 12, respectively. 
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Fig.30. Effect of dietary supplementation with starch on total           
            leukocyte count (TLC) in diabetic and non- diabetic              
            rabbits during summer.
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Fig. 31.  Effec of dietary supplementation with starch on total          
               leukocyte count (TLC) in diabetic and non-diabetic 
              rabbits during winter.
3
4
5
6
7
8
9
1 2 3 4 5 6 7 8
Time  (Weeks)
TL
C
 (X
10
3 /u
L)
Non-diabetic rabbits fed Lucerne
Non-diabetic rabbits fed Lucerne + starch
Diabetic rabbits fed Lucerne
Diabetic rabbits fed Lucerne + starch
 
 
 
 
 
 105 
 
Fig.32.  Effect of dietary supplementation with starch and                
             seasonal changes in thermal environment on total                
              leukocyte count TLC in diabetic and non-diabetic               
              rabbits. 
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       Figs. 33, 34 and 35 show the effect of supplementation with starch 
and season on plasma glucose concentration.  
 During summer (Fig.33), the diabetic groups of rabbit showed 
significantly (P<0.001) higher values of plasma glucose concentration 
than the respective values of non-diabetic rabbit groups. The group of 
diabetic rabbits fed lucerne and starch showed significantly (P<0.001) 
higher values than the respective group of diabetic rabbits fed lucerne 
only (Table 10). Diabetic rabbits fed lucerne and starch showed 
progressive increase in glucose concentration, then a decline at the 6th and 
7th weeks of the experimental period. 
 During winter (Fig. 34), there was highly significant (P<0.001) 
increase in plasma glucose concentration of the diabetic groups of rabbits 
compared to non- diabetic rabbits. The group of diabetic rabbits 
fed lucerne and starch showed significantly (P<0.001)   higher values 
than the respective group of diabetic rabbits fed lucerne only,  and there 
was  
progressive increase in plasma glucose values in the groups of diabetic 
rabbits until the end of the experimental period. However, there was no 
significance difference in the plasma glucose concentrations between the 
two groups of non-diabetic rabbits (Table 11). 
       Fig. 35 shows that the plasma glucose level was significantly 
(P<0.01) higher in summer in diabetic rabbits supplemented with starch, 
while the season had no significant effect in other experimental groups. 
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Table 10. The effect of supplementation with starch on concentrations of 
                plasma glucose and serum organic constituents in diabetic and 
                non-diabetic rabbits during summer. 
 
 
Parameter 
 
 
Non-
diabetic 
rabbits 
fed 
Lucerne 
Non-diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + 
starch 
 
 
LS 
   
Glucose 
(mg/ml) 
96.20 c 
±14.99 
       
    103.49 c 
±14.87 
 
270.41 b 
± 83.05 
337.80a 
± 56.29 
 
*** 
Total protein 
(g/dL) 
7.54a 
±0.67  
7.42a 
±0.49  
7.62 a 
± 0.34 
7.74 a 
± 0.39 
 
NS 
Albumin 
(g/dL) 
 
3.91 a 
±0.41 
 
 
3.90 a 
±0.53 
 
3.86a 
± 0.41 
3.76a 
± 0.42 
 
NS 
Urea 
(mg/dL) 
69.15b 
± 10.53 
53.70c 
± 8.82 
77.83a 
± 14.32 
79.06a 
± 15.23 
 
*** 
Creatinine 
(mg/dL) 
1.84a 
± 0.27 
1.75ab 
± 0.43 
1,68ab 
± 0.51 
1.63b 
± 0.26 
 
* 
Total lipid 
(mg/dL) 
 
202.27c 
±37.89 
  
196.27c 
±58.31  
290.72b 
±114.57  
390.54a 
±114.37  
 
*** 
Triglyceride 
(mg/dL) 
72.15b 
± 35.55 
83.90ab 
± 22.28 
71.10b 
± 23.11 
98.35a 
± 38.76 
 
** 
 
Cholesterol 
(mg/dL) 
 
42.60b 
±9.78 
 
38.93b 
±9.19 
 
44.82b 
±11.13 
 
60.96a 
±17.80 
 
*** 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
**  : P<01 
***: P<001 
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Table 11. The effect of supplementation with starch on concentrations of   
                plasma glucose and serum organic constituents  in diabetic and  
                non-diabetic rabbits during winter. 
 
   
Parameter 
Non-
diabetic 
rabbits 
fed 
Lucerne 
Non-diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + 
starch 
 
 
LS 
Glucose 
(mg/mL) 
95.23 c 
±14.75 
        
     88.99 c 
±9.37 
 
282.39 b 
± 32.36 
306.12a 
± 49.44 
 
   *** 
Total protein 
(g/dL) 
8.14a 
±0.45  
7.80a 
±0.41  
8.04 a 
± 0.37 
8.02 a 
± 0.37 
 
   NS 
Albumin 
(g/dl) 
 
3.94a 
±0.33 
 
 
3.85 ab 
±0.27 
 
3.70b 
± 0.38 
3.78b 
± 0.36 
 
    * 
Urea 
(mg/dL) 
76.80ab 
± 14.20 
71.9b 
± 17.51 
84.40a 
± 22.65 
82.78a 
± 17.07 
 
   ** 
Creatinine 
(mg/dL) 
1.21a 
± 0.38 
1.33a 
± 0.45 
1,41a 
± 0.32 
1.36 a 
± 0.57 
 
   NS 
Total lipid 
(mg/dL) 
231.63b 
±46.85  
276.07b 
±58.31  
325.63a 
±78.18  
355.55a 
±61.32  
 
  *** 
Triglyceride  
(mg/dL) 
71.05 a 
± 19.67 
77.10 a 
± 18.41 
71.10 a 
± 16.65 
80.55 a 
± 19.25 
 
NS 
Cholesterol 
(mg/dL) 
36.60b 
±13.02 
32.90b 
±7.36 
49.23a 
±10.98 
48.68a 
±12.32 
 
  *** 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
**  : P<01 
***: P<001 
NS : not significant 
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Fig.33.  Effect of dietary supplementation with starch on plasma 
             glucose concentration in diabetic and non-diabetic 
             rabbits during summer.
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Fig. 34. Effect of dietary supplementation with starch on                  
             plasma glucose concentration in diabetic and non-               
             diabetic rabbits during winter.
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Fig.35.  Effect of dietary supplementation with starch and       
              seasonal changes in thermal environment on
             plasma glucose concentration in diabetic and non-    
               diabetic rabbits.
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4.3.4.2.2 Serum organic constituents 
4.3.4.2.2.1 Serum total protein 
         Figs. 36, 37 and 38 show the effects of supplementation with starch 
and season on serum total protein concentration in diabetic and non-
diabetic rabbits.  
         During summer (Fig. 36), the initial values of serum total protein 
concentration were very close to each other. Generally, for all 
experimental groups, there was no marked change in total protein 
concentration during the experimental period . It was shown in Table 10 
that there was no significant difference in serum total protein 
concentration between the experimental groups of rabbits. However, the 
group of non- diabetic rabbits supplemented with starch had slightly 
lower value.  
         During winter (Fig.37), all experimental groups showed fluctuations 
in serum total protein concentration. It was shown in Table 11 that there 
was no significant difference in serum total protein concentration 
between the different groups of rabbits.  However, the lowest value of  
serum total protein concentration was obtained for the non- diabetic 
group of rabbits fed lucerne and starch (Table 11).  
        Fig. 38 shows that for all groups, the total protein concentration was 
higher in winter compared to respective summer values. This increase 
attained a significant level (P>0.05) only in non-diabetic group fed 
lucerne.  
 
4.3.4.2.2.2 Serum albumin  
         Figs. 39, 40 and 41 show the effect of supplementation with starch 
and season on serum albumin concentration in diabetic and non-diabetic 
rabbits. During summer (Fig. 39), there was no consistent pattern in 
serum albumin concentration in diabetic and non-diabetic groups of  
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Fig.36 Effect of dietary supplementation with starch on           
           serum total protein concentration in diabetic and 
           non-diabetic rabbits during summer.
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Fig. 37. Effect of dietary supplementation with starch on                  
              serum total protein concentration in diabetic and                 
              non-diabetic rabbits during winter.
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Fig.38. Effect of dietary supplementation with starch and        
            seasonal changes in thermal environment on 
            serum total protein concentration in diabetic and 
            non-diabetic rabbits.
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Fig.39. Effect of dietary supplementation with starch on                   
             serum albumin concentration in diabetic and non-                
             diabetic rabbits during summer. 
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Fig. 40. Effect of dietary supplementation with starch on                  
             serum albumin concentration in diabetic and non-                
             diabetic rabbits during winter. 
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Fig.41. Effect of dietary supplementation with starch  and       
            seasonal changes in thermal environment on              
            albumin concentration in diabetic and non-
            diabetic rabbits.
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rabbits and there was no significant difference between groups (Table 
10). 
 During winter (Fig. 40), there was no consistent pattern for all 
experimental groups. The albumin concentrations of the diabetic groups 
of rabbits were significantly (P<0.05) lower than the corresponding 
values of the non-diabetic groups of rabbit (Table 11).  
           Fig. 41 shows that season had no significant effect on serum 
albumin concentration for all experimental groups. However, summer 
values were slightly higher for the group of diabetic rabbits fed lucerne 
compared to the value obtained during winter. 
 
4.3.4.2.2.3 Serum urea  
 Figs. 42, 43 and 44 show the effect of supplementation with starch 
and season on serum urea concentration in diabetic and non-diabetic 
rabbits.  
 During summer (Fig. 42), all experimental groups showed marked 
fluctuation in serum urea concentration. However, the general pattern 
indicates that non-diabetic groups of rabbits maintained lower values. The  
diabetic groups of rabbits had significantly (P<0.001) higher values 
(Table 10). 
          During winter (Fig. 43), although all groups showed fluctuations in 
urea concentration, the results indicate that the diabetic groups of rabbits 
maintained significantly (P<0.01) higher values of urea concentration 
compared to non-diabetic groups of rabbits. There was no significant 
differance in urea concentration between diabetic groups (Table 11). 
 Fig. 44 shows that the serum urea concentration was higher in 
winter compared to the respective summer value for all groups and  that 
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the season had no significant effect on serum urea concentration in the 
group of diabetic rabbit fed lucerne and starch and their control group.  
Fig.42. Effect of dietary supplementation with starch on          
            serum urea cocentration in diabetic and non-
            diabetic rabbits during summer.
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Fig. 43. Effect of dietary supplementation with starch on                  
             serum urea concentration in diabetic and non-                      
             diabetic rabbits during winter. 
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Fig.44.  Effect of dietary supplementation with starch and                
              seasonal changes in thermal environment on serum             
              urea concentration in diabetic and non-diabetic                   
              rabbits.
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However, there was slight increase in urea level in the diabetic group fed 
Lucerne only during winter. The serum urea concentration was 
significantly higher in winter compared to the respective summer value 
for the non- diabetic group fed lucerne (P<0.5) and the non-diabetic 
group fed lucerne and starch (P<0.01).  
 
4.3.4.2.2.4 Serum creatinine 
 Figs. 45, 46 and 47 show the effects of supplementation with starch 
and season on serum creatinine concentration.   
 During summer (Fig. 45), the initial values of serum creatinine 
concentration of experimental groups were close to each other. The 
diabetic group of rabbits fed lucerne and starch showed lower values than 
other experimental groups. Table 10 shows that non-diabetic group of   
rabbits fed lucerne had significantly (P<0.05) higher value of creatinine 
compared to the other group. 
 During winter (Fig. 46 ), the initial values of serum creatinine 
concentration of all experimental groups were close to each other. There  
was no significant difference between the experimental groups. However, 
the diabetic group of rabbits fed lucerne had slightly higher values. 
 Fig. 47 shows that in all experimental groups, serum creatinine 
concentration was relatively higher in summer compared to the respective 
winter value. 
 
4.3.4.2.2.5 Serum triglyceride  
         Fig 48, 49 and 50 show the effect of supplementation with starch  
and season on triglyceride concentration in diabetic and non-diabetic 
groups of rabbits.  
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         During summer (Fig. 48), the initial value for the non-diabetic 
group of rabbits supplemented with starch was similar to that of the  
Fig.45  Effect of dietary supplementation with starch on          
            serum creatinine concentration in diabetic and non-    
            diabetic rabbits during summer.
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Fig. 46. Effect of dietary supplementation with starch on                  
             serum creatinine concentration in diabetic and nob-             
             diabetic rabbits during winter.
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Fig.47  Effect of dietary supplementation with starch and        
            seasonal changes in thermal environment on 
            serum creatinine concentration in diabetic and non-    
            diabetic rabbits.
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Fig.48. Effect of suoolementation with starch on serum                    
             triglyceride concentration in diabetic and non-diabetic        
             rabbits during summer.
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Fig. 49. Effect of dietary supplementation with starch on                  
             serum triglyceride concentration  in diabetic and                  
              non-diabetic rabbits during winter.
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Fig.50. Effect of dietary supplementation with starch and        
            seasonal changes in thermal environment on
            serum triglyceride concentration in diabetic and 
            non-diabetic rabbits.
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diabetic group of rabbits fed Lucerne. For all groups, there was an 
increase in triglyceride concentration until week 3, and then there was a 
sharp decrease at week 5 and an increase in week 7. The initial values for 
the diabetic group of rabbit supplemented with starch were higher than 
the non-diabetic group of rabbits fed lucerne. Supplementation with 
starch increased significantly (P<0.01) triglyceride concentration in non-
diabetic and diabetic groups. However, the general pattern indicates that 
the group of diabetic rabbits fed lucerne and starch had the highest 
triglyceride concentration (Table 10). 
         During winter, (Fig 49), the initial values of triglyceride for non-
diabetic groups of rabbits were almost similar. The pattern shows that the 
values of all groups declined until the 5th week, then increased until the 
end of the experiment. Supplementation with starch had no significant  
 effect on triglyceride level in diabetic and non- diabetic groups of rabbits 
(Table 11).  
         For all experimental groups there was no significant change in 
triglyceride concentration related to seasonal change in thermal 
environment (Fig. 50). 
 
4.3.4.2.2.6 Serum cholesterol 
 Figs. 51, 52 and 43 show the effect of supplementation with starch 
and season on cholesterol concentration in diabetic and non-diabetic 
rabbits.  
 During summer (Fig. 51), the pattern indicates that diabetic group 
of rabbits fed lucerne and starch had significantly (P<0.001) higher value 
of cholesterol concentration compared to the corresponding values of the 
non-diabetic groups and the diabetic group fed lucerne. However, there 
was no significant difference between non-diabetic groups.  
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Fig.51.  Effect of dietary supplementation with starch on                  
             serum cholesterol concentration in diabetic and non-            
             diabetic rabbits during summer.
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Fig. 52. Effect of dietary supplementation with starch on                  
             serum cholesterol concentration in diabetic and non-            
             diabetic rabbits during winter.
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Fig.53.  Effect of dietary supplementation with starch and       
             seasonal changes in thermal environment on             
             serum cholesterol concentration in diabetic and
             non-diabetic rabbits. 
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          During winter (Fig.52), the cholesterol concentration in diabetic 
groups of rabbit was significantly (P<0.001) higher than the non-diabetic 
groups of rabbits. In the first 4 weeks of experimental period, the diabetic 
group of rabbits fed lucerne only had higher values of cholesterol 
concentration compared to the respective values of the diabetic rabbits 
fed lucerne and starch, while the diabetic group supplemented with starch 
had higher values of cholesterol level during the last 4 weeks of the 
experimental period.          
         Fig. 53 shows that cholesterol level was significantly higher during 
summer in diabetic group supplemented with starch (P<0.001) and in 
both non-diabetic groups(P<0.05). However, season had no significant 
effect on serum cholesterol concenteration of the diabetic group fed 
lucerne only. 
 
4.3.4.2.3 Serum inorganic constituents 
         The effect of dietary supplementation on some serum inorganic 
constituents and hormones in summer and winter are shown Tables 13 
and 14, respectively. 
 
4.3.4.2.3.1 Serum sodium (Na) 
           Figs. 54, 55 and 56 show the effect of dietary supplementation 
with starch and season on serum Na concentration in diabetic and non-
diabetic rabbits.  
          During summer (Fig. 54), there was no consistent pattern of serum 
Na for all experimental groups. Table 12 shows that there was no 
significant difference in serum Na concentration between experimental 
groups. However, the non- diabetic group of rabbits fed lucerne 
maintained slightly higher values of serum Na compared to the values of 
other experimental groups.  
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      Table 12. The effect of supplementation with starch on some serum         
inorganic constituents and hormones in diabetic and non-
diabetic rabbits during summer. 
 
 
 
 
Parameter 
Non-
diabetic 
rabbits fed 
Lucerne 
Non-
diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits 
fed 
Lucerne 
+ starch 
 
 
LS 
Na 
(mEq/L) 
160.51 a 
±10.02 
151.18 b 
±13.81 
156.39 b 
±8.24 
153.41 b 
±12.00 
 
     * 
K 
(mEq/L) 
6.33 a 
±0.72 
6.03 a 
±0.90 
6.37 a 
±1.06 
5.91 a 
±0.72 
 
    NS
Insulin 
(mu/L) 
16.85 a 
±0.86 
18.87 a 
±1.32 
8.52 b 
±0.27 
8.96 b 
±1.53 
 
   ***
Cortisol 
(pmol/L) 
28.62a 
± 2.29 
33.34 a 
± 3.91 
25.62a 
± 0.65 
31.44a 
± 5.63 
   NS 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
***: P<001 
NS : not significant 
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Table 13. The effect of supplementation with starch on some serum 
inorganic constituents and hormones in diabetic and non-
diabetic rabbits during winter. 
 
 
 
 
Parameter 
Non-
diabetic 
rabbits 
fed 
Lucerne 
Non-diabetic 
rabbits fed 
Lucerne + 
starch 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + 
starch 
 
 
LS 
 
Na (mEq/L) 
 
165.08 a 
±3.43 
 
162.97 ab 
±8.70 
 
157.45b 
±3.96 
 
160.06 ab 
±4.21 
 
     * 
 
K (mEq/L) 
 
6.42 a 
±0.58 
 
6.69 a 
±0.43 
 
6.27 a 
±0.44 
 
6.37 a 
±0.64 
 
    NS 
Insulin 
(mu/L) 
14.52 a 
±2.31 
13.03 a 
±1.32 
7.45 b 
±0.59 
8.99 b 
±1.11 
 
   *** 
Cortisol 
(pmol/L) 
   34.15ab 
± 2.29 
27.0 b 
± 3.33 
39.43ab 
± 8.19 
43.20a 
± 6.87 
    
     * 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
***: P<001 
NS : not significant 
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Fig.54  Effect of dietary supplementation with starch on          
            serum Na concentration in diabetic and non-
            diabetic rabbits during summer.
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Fig. 55. Effect of dietary supplementation with starch on                  
             serum Na concentration in diabetic and non-diabetic            
              rabbits during winter.
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Fig.56.  Effect of dietary supplementation with starch and                
             seasonal changes in thermal environment on serum              
              Na concentration in diabetic and non-diabetic                      
              rabbits.
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          During winter (Fig.55), there was no consistent pattern of serum Na 
concentration for all experimental groups. Table 13 shows that the non-
diabetic group of rabbits fed lucerne had significantly (P<0.05) higher 
value of serum sodium concentration compared to the values of the other 
experimental groups. 
          Fig. 56 shows that serum Na was significantly higher in winter for 
non-diabetic animals fed lucerne and starch (P<0.01) and diabetic 
animals fed lucerne and starch (P<0.05). However, in diabetic and non-
diabetic groups of rabbits fed lucerne only, the season had no influence 
on serum Na concentration.  
 
4.3.4.2.3.2 Serum potassium (K)  
         Figs. 57, 58 and 59 show the effect of supplementation with starch 
and season on serum K concentration in diabetic and non-diabetic rabbits. 
      
         During summer (Fig. 57), there was no consistent pattern of serum 
K concentration for all experimental groups. Table 12 shows that there 
was no significant difference in serum K between experimental groups. 
         During winter (Fig. 58), there was no steady pattern of serum K for 
all experimental groups. Table 12 shows that there was no significant 
difference in serum K between experimental groups.   
         Fig. 59 shows that serum K concentration was significantly 
(P<0.05) higher during winter in non-diabetic group fed lucerne and 
starch.  
 
4.3.4.3 Hormones 
4.3.4.3.1 Insulin 
         Fig 60, 61 and 62 show the effects of supplementation with starch 
and season on insulin level in diabetic and non-diabetic rabbits.  
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Fig.57. Effect of dietary supplementation with starch on                   
            serum K concentration in diabetic and non-diabetic               
             rabbits during summer.
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Fig. 58. Effect of dietary supplementation with starch on                  
             serum K concentration in diabetic and non-diabetic              
              rabbits during winter.
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Fig.59.  Effect of dietary supplementation with starch and                
             seasonal changes in thermal environment on serum              
             K concentration in diabetic and non-diabetic rabbits.
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Fig.60. Effect of dietary supplementation  with starch on                  
           serum insulin concentration in diabetic and non-                   
            diabetic rabbits during summer.
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Fig. 61. Effect of dietary supplementation with starch on                  
             serum insulin concentration in diabetic and non-                  
             diabetic rabbits during winter.
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Fig.62. Effect of dietary supplementation with starch and                 
             seasonal changes in thermal environment on serum              
             insulin concentration in diabetic and non-diabetic                
             rabbits.
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         During summer (Fig. 60 and Table 12), the diabetic groups of 
rabbits had significantly (P<0.001) lower values of insulin concentration  
compared to the values measured for non-diabetic groups. However, the 
pattern showed that the insulin concentration for the diabetic group 
supplemented with starch declined at the end of the experimental period.  
         During winter (Fig 61 and Table 13), the initial values of insulin 
level for the non-diabetic groups of rabbits were similar. The diabetic 
groups of rabbits maintained significantly (P<0.001) lower values 
compared to the respective values obtained for the non-diabetic groups. 
However, the starch supplemented group of diabetic rabbits maintained 
higher values than the value for the diabetic group fed lucerne.  
          The serum insulin concentration was significantly (P<0.001) higher 
in summer in the non-diabetic group supplemented with starch.    
 
4.3.4.3.2 Serum cortisol 
         Fig. 63, 64 and 65 show the effect of supplementation with starch 
and season on serum cortisol level in diabetic and non- diabetic rabbits. 
During summer (Fig.63), supplementation with starch  was associated 
with higher cortisol levels in non-diabetic and diabetic groups compared 
to values obtained for the non- supplemented groups of rabbits. Table 12 
shows that there was no significant difference in serum cortisol 
concentration between the experimental groups. 
         During winter (Fig. 64), the serum cortisol concentration in non-
diabetic groups of rabbits declined in the first week of experimental 
period  and then increased until the end of experimental period. There 
was gradual increase  in cortisol concentration in the diabetic group of 
rabbit supplemented with starch. However, the diabetic group fed lucerne 
showed steady decline throughout the experimental period. Table 13 
shows that the diabetic group of rabbits supplemented with starch had  
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Fig.63. Effect of dietary supplementation with starch on            
            serum cortisol concentration in diabetic and non-          
            diabetic rabbits during summer.
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Fig. 64. Effect of dietary supplementation with starch on 
             serum cortisol concentration in diabetic and non-                 
             diabetic rabbits during winter.
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Fig.65.  Effect of dietary supplementation with starch and                
             seasonal changes in thermal environment on serum              
             cortisol concentration in diabetic and non-diabetic               
              rabbits.
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 significantly (P<0.05)  higher cortisol concentration than the other 
experimental groups.    
         The analysis indicates that the diabetic groups of rabbits maintained 
significantly (P<0.05) higher cortisol concentration during winter 
compared to summer values. In non- diabetic groups, the season had no 
significant effect on cortisol concentration, although a higher value was 
obtained during winter for the non-diabetic group fed lucerne only (Fig. 
65)  .       
  
4.4 Discussion.  
         In this experiment, the effects of supplementation with starch and 
seasonal change in thermal environment on thermoregulation, body 
weight, blood constituents and certain hormones have been investigated in 
diabetic and non-diabetic states using the domestic rabbit as a mammalian 
model. Alloxan monohydrate (150 mg/kg BW) injected intravenously was 
used to induce diabetes, animals that proved to be diabetic were used in the 
study. The diabetic state was confirmed using GTT. The diabetes induced 
in rabbits in this study may resemble type I diabetes. Frederick et al. 
(1993) reported that type I diabetes may be pharmacologically induced via 
a number of agents that selectively destroy pancreatic B-cells. 
Streptozotocin and alloxan are the most commonly used drugs.  
         The results indicate that the two diabetic groups of rabbits (diabetic 
group supplemented with starch and the diabetic control) had higher Tr 
value compared to the two other non-diabetic groups during summer 
(Fig.12). Any imbalance in the ratio of heat production to heat loss, which 
cannot be modulated by thermoregulatory mechanisms, is reflected by the 
increase in the body temperature (Ganong, 2005). In diabetic subjects heat 
tolerance was poor. An increase in the environmental temperature may 
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cause the body temperature of diabetic patients to increase above the 
normal control level. In diabetic subject the increase in body temperature 
appeared to be associated with failure of sweating. Sweating was lower at 
any skin temperature in diabetic patients compared with control, thus both 
type I and type п diabetic patient were reported to be more susceptible to 
heat stress (Petrofsky et al., 2005).  
        The mean values of Tr of rabbits were higher during summer 
compared to the respective winter values for all experimental groups 
(Fig.14). This is attributed to decrease in thermal gradient and consequent 
decline in sensible heat loss at high environmental temperature during 
summer. The increase in Tr at high ambient temperature is in  agreement 
with previous findings  in rabbits (Gonzales et al., 1971; Wolfenson and 
Blum, 1988; Habeeb et al., 1992; Marai et al., 2001). In studies performed 
in rabbits (Ashoure et al., 1995) exposure to high ambient temperature, 
despite reduction in food intake was associated with an increase in body 
temperature.  
         In the present study, during summer (Fig. 15), the general pattern 
indicates that for all groups there was gradual increase in RR during the 
experimental period. This response coincides with the prevailing ambient 
temperature (Table 5 ).  The results indicate that supplementation with 
starch had no significant effect on RR in non- diabetic groups of rabbits, 
while it was associated with higher RR in the diabetic groups of rabbits. 
However, the higher values for the different groups of rabbits were on the 
7th week of the experiment. This is attributed to the concomitant increase in 
ambient temperature. The mean values of RR of all experimental groups 
were higher during summer compared with the respective winter values 
(Fig. 17). Wolfenson and Blum (1988) reported that in rabbits, the sweat 
glands are not functional and the evaporation of water through the skin is 
not great due to the fur insulation. During summer, heat is dissipated by 
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altering the breathing rate to increase vaporization through the respiratory 
ventilation (panting). panting is controlled by altering in temperature of 
preoptic region in anterior hypothalamic, spinal cord, and main skin 
temperature (Anderson and Jonasson, 1993). Neurons that are temperature 
sensitive are located throughout the animal’s body and send information to 
the hypothalamus, which invokes numerous physiological, and behavioral 
changes in the attempt to maintain heat balance (Curtis, 1983). The 
changes in Tr and RR indicate that the indices of thermoregulation were 
influenced by heat stress. 
          The present study revealed that supplementation with starsh had 
marked influence on BW in diabetic and non-diabetic groups of rabbits 
(Table 6). During summer (Fig.18), there was progressive increase in BW 
of the diabetic groups in the first weeks, and then there was decline to the 
end of experiment. The group of diabetic rabbits supplemented with 
starch maintained lower BW compared to other experimental groups 
(Table 6). This was associated with increased degree of hyperglycaemia 
in this group. Following a carbohydrate meal the blood glucose level rises 
even higher, because in the absence of insulin, the storage of glycogen in 
the liver is inhibited. The body is literally starved in mid of plenty, as fats 
and proteins are converted into glucose, only to be passed in the urine and 
lost from the body. Loss of weight, muscle wasting and hunger are 
therefore characteristic features in diabetes mellitus (Walter et al., 1996).  
 During summer, the group of the diabetic rabbits supplemented 
with starch had lower BW than the other groups (Table 6). There was 
gradual increase in BW in the group of non-diabetic rabbits. The diabetic 
groups of rabbits had lower BW values than the non-diabetic groups both 
during summer and winter (Tables 7 and 8). The observed decrease in 
BW in experimental diabetes mellitus is in agreement with previous 
studies on rats (Rungby et al., 1992; Hotta et al., 1996 ; Badr-Eldin et al., 
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1998). The decrease in BW in diabetic groups is attributed to different 
side effects of inability to use carbohydrates including lipolysis, 
glycogenolysis and acidosis (Yassin and Abdel Rahiem, 2004).   
        The BW of diabetic rabbits supplemented with starch was 
significantly higher BW during winter compared to summer. The other 
groups were not markedly affected by season (Fig.20). However, in all 
experimental groups summer was associated with lower BW values 
compared to the winter values. This is partially attributed to the reported 
increase in body core temperature during summer which leads to decrease 
in food intake. Franci et al. (1996) reported that exposure of rabbits to hot 
environment decreased the BW due to decrease in food intake. The 
decrease in food intake is due to impairment of appetite as a result to 
stimulation of the peripheral thermal receptors by the environmental 
temperature to transmit suppressive nerve impulses to the appetite centre 
in the hypothalamus that causes that phenomenon (Marai et al., 1994). 
      The results showed that during summer (Table 6) and winter (Table7) 
the diabetic groups of rabbit maintained higher water consumption values 
compared to the non-diabetic groups. This is clearly associated with 
hyperglycaemia of diabetes. Glucose is an osmotically active molecule. 
When blood glucose levels are sufficiently elevated , the amount of 
glucose filterd by the glomeruli of the kidney exceeds the amount that can 
be reabsorbed by the renal tubules, this results in glycosuria accompanied 
by large losses of water in urine. Thirst results from the intracellular 
dehydration that occurs as blood glucose levels rise and water is pulled 
out of body cells (Walter et al., 1996), consequently water consumption 
increases. The results indicated that supplementation with starch 
increased water consumption in diabetic groups. The diabetic group of 
rabbits fed Lucerne and starch had higher values of water consumption 
than the diabetic group fed lucerne only both during summer and winter 
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(Fig. 21 and 22, respectively). This may be attributed to osmotic diureses 
related to hyperglycaemia augmented by supplementation with starch.  
        The results show that the mean values of water consumption of 
diabetic groups were significantly higher during summer compared with 
the respective winter values while the non-diabetic groups maintained 
slightly higher values during summer than winter values (Fig. 23). This 
may be attributed to body water deficit associated with evaporative water 
loss and panting in the hot environment. An increase of water 
consumption by rabbits exposed to hot environment was previously 
reported by  Marai et al. (2003). Loss of water causes temporary water 
deficiency with the increase of body fluids concentration that stimulates 
the hypothalamic thirst centre to increase water consumption (Kechil et 
al., 1981).  
            The diabetic groups of rabbits had lower PCV values compared to 
the respective values of the non- diabetic rabbits both during summer and 
winter (Tables 9 and 10). The decrease in PCV in the diabetic groups may 
be attributed to hypervolaemic haemodilution associated with an increase 
in the rate of consumption of water. Similarly Meral et al. (2004) reported 
that the erythrocyte count and PCV decreased significantly in diabetic 
rabbits. The anaemia occurrence in diabetes mellitus could also be related 
to increased non-enzymatic glycosylation of erythrocyte membrane 
proteins, which correlates with hyperglycaemia (Kennedy and Baynes, 
1984). Oxidation of these glycosylated membrane proteins and 
hyperglycaemia in diabetes mellitus cause an increase in the production 
of lipid peroxides causeing haemolysis of erythrocytes. Meral et al. 
(2004) demonstrated that serum lipid peroxide level increased in diabetic 
rabbits. 
         The results indicate that in both seasons (`Fig. 27), the diabetic 
groups of rabbits showed lower values of Hb concentration compared to  
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the respective values of the non-diabetic rabbits. This may be attributed to 
suggested decrease in the number of erythrocytes that was reflected in 
lower PCV values. 
          The results indicate that during summer there was no significant 
variation in TLC between experimental groups of rabbits (Table 8). 
However, the diabetic groups had lower values of TLC compared to the 
non-diabetic group. The decrease in TLC in the diabetic groups may be 
attributed to hypervolaemic haemodilution associated with an increase in 
the rate of consumption of water. Similarly Meral et al. (2004) reported 
that the TLC decreased significantly in diabetic rabbits. Previous studies 
indicated that the TLC was lower in diabetic than in non-diabetic 
individuals (Palmieri et al., 2001; Meral, 2004).  
         The diabetic group of rabbits had significantly higher TLC values 
during summer compared to the winter values. However, non-diabetic 
groups of rabbits had no seasonal variation in TLC (Fig.32). This increase 
could be associated with thermal stress. Exposure to heat stress stimulates 
the release of glucocorticoids which usually increases the leukocytes in 
blood from lymphoid tissue and bone marrow (Swenson, 1993). 
         The current results indicate that the experimental induction of 
diabetes was associated with marked increase in plasma glucose level. 
During summer, the diabetic groups of rabbit showed significantly higher 
values of plasma glucose level (hyperglycaemia) compared the respective 
values of the groups of non-diabetic rabbits (Fig.33). Furthermore, the 
group of diabetic rabbits fed lucerne and starch showed significantly 
higher values than the respective group diabetic rabbits fed lucerne only.  
  The hyperglycaemia reported in diabetic groups (the supplemented 
and non-supplemented groups) in both seasons (Figs.33 and 34) is 
attributed to the marked decrease of insulin in the fully developed 
disease. In insulin deficiency, the glucose formation is promoted; partly 
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due to increased conversion of glycogen to glucose, but mainly by 
gluconeogenesis. Also the uptake of glucose by muscle and fat cells is 
reduced (Walter et al., 1996). Most studies agree that the total 
carbohydrate intake is a relatively reliable predictor of postprandial blood 
glucose (Wolever et al., 1996; Gannon et al., 1998  ). Gannon et al. 
(1998) reported that the integrated 24-h plasma glucose area response was 
significantly smaller after ingestion of low-starch meals compared with 
high-starch, high-carbohydrate meals.  
          In the current results the plasma glucose concentration was 
significantly higher in summer in diabetic rabbits supplemented with 
starch, while it had no significant effect on the other experimental groups 
of rabbits (Fig. 35). In contrast to the results of the present study Bunout 
et al. (2003) demonstrated fluctuations in glucose and insulin sensitivity, 
with higher levels in the fall or winter in most studies, whereas Simon et 
al.(1989) reported no seasonal variation. The group of diabetic rabbits fed 
lucerne only had a slight increase in the blood glucose level during winter 
compared to summer value. This result is in agreement with the findings 
of Bunout et al.(2003). The increase in plasma glucose concentration in 
winter may be attributed to increase in food consumption in the cool 
environment. The physical activity has also been reported to diminish in 
winter months in several settings (Pivarnik et al., 2003). It is not known 
how changes in temperature would induce changes of glycelated 
haemoglobin (A1C) values and consequently on plasma glucose 
concentration (Tseng et al., 2005). 
         The current results showed a slight increase in total protein level in 
diabetic group during summer (Table 10, Fig. 36). However serum 
albumin was significantly lower in groups of diabetic rabbits. The 
increase in total protein in the diabetic rabbits is in agreement with the 
study of Yassin et al. (2004) who observed in rats that serum total protein 
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level was increased in diabetes, and in contrast to  Mansour et al. (2002) 
who demonstrated that serum total protein concentration were 
significantly decreased in alloxan diabetic rats. Highly significant 
decrease in serum total protein and albumin concentrations was recorded 
in diabetic rats. A low serum albumin was observed in the diabetic rats 
(Hulthen et al., 1996). Porte and Halter (1981) reported that 
hypoalbuminemia is a common problem in diabetic animals and is 
generally attributed to the presence of diabetic nephropathy. Hepatic 
levels of albumin and its mRNA were found to be decreased in diabetes 
mellitus (Wanke and Wong, 1991). The decline in total protein 
concentration may be attributed to the inhibited oxidative 
phosphorylation processes which lead to decrease of protein synthesis, 
increase in the catabolic processes and reduction of protein absorption 
(Yassin et al., 2004). 
         Fig.38 shows that the serum total protein concentration was 
significantly higher during winter compared to respective summer values 
in the diabetic and non-diabetic group fed Lucerne. Season had no 
significant effect on serum total protein concentration of the groups of 
rabbits supplemented with starch, the diabetic and the non-diabetic and it 
did not influence significantly albumin concentration in all experimental 
groups. The decrease in total protein during summer is likely attributed to 
a decrease in food intake. Habeeb et al. (1993) and Franci et al. (1996) 
reported a decrease in serum total protein level in rabbits exposed to 
thermal stress. 
          In both seasons, the diabetic groups of rabbits maintained higher 
values of urea level compared to the non-diabetic groups (Figs.42 and 
43). Similarly higher concentrations of serum urea were observed in 
diabetic subjects (Annamalia and Augusti, 1980; Akimoto et al., 2000). 
Increased urea nitrogen production in diabetes may be accounted for by 
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enhanced catabolism of both liver and plasma proteins that accompany 
gluconeogenesis (Prakasam et al., 2004). It has been established that 
insulin decreases gluconeogenesis, so that insulin deficiency increases 
gluconeogenesis.  
         The present results indicate that supplementation with starch had no 
significant effect on serum urea concentration in diabetic groups of 
rabbits. However, the supplemented group of diabetic rabbits had slightly 
higher values than the values of their control group. This is in agreement 
with Oboh et al. (2007) who evaluated the effects of high carbohydrate 
low fat (HCLF) diet on biochemical indices in rabbits and reported that 
the urea levels increased significantly when compared with control diet. 
         The results indicate that season had no significant effect on serum 
urea concentration in the groups of diabetic rabbits. However, there was a 
slight increase in urea level in the diabetic groups, while the non-diabetic 
groups of rabbits showed significantly higher values of urea 
concentration during winter (Fig. 44). The increase in urea level in winter 
compared to the summer values was reported by Marai et al. (2006) in 
New Zealand White male rabbits.  
         The current results show that during summer the diabetic group of 
rabbits supplemented with starch had the lowest values of creatinine (Fig. 
45). Creatinaemia may be attributed to condition associated with 
extensive muscle breakdown as in poorly controlled diabetes mellitus 
(Ganong, 2005). The current result is similar to the results of Mansour et 
al. (2002) who reported that the level of creatinine significantly decreased 
in alloxan induced diabetic rats. the non- diabetic group of rabbits fed 
lucerne had significantly higher value of creatinine  concentration. The 
effects of supplementation with high carbohydrate low fat diet on 
biomedical indices were evaluated in rabbits, creatinine values showed a 
significant decrease (Oboh et al., 2007).  
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         The present results indicate that the experimental groups of rabbits 
maintained higher creatinine concentration in summer compared to the 
winter values (Fig 47). This response is similar to results reported by 
Habeeb et al.(1997). The significant increase in the concentration of this 
metabolite may be due to the increase in catabolism that result in increase 
in the glucocorticoid hormones (Bhagavan, 2002). 
         The current results indicate that the lipid profile was influenced by 
the experimental treatments group of diabetic rabbits supplemented with 
starch had the highest triglyceride concentration in summer (Table 10). 
This response is in agreement with Oboh et al. (2007) who found that 
supplementation of rabbits with high carbohydrate low fat diet was 
associated with high triglyceride concentration. The increase in 
triglyceride concentration in diabetic rabbits is related to increased 
lipolysis, decreased activity of endothelial lipoprotein lipase, which 
reduces clearance of triglyceride containing VLDL and chylomicrons 
(Williams and Pickup, 2004). 
         During winter, supplementation with starch did not induce 
significant effect on triglyceride level between diabetic and non-diabetic 
groups of rabbits (Fig 49). This is similar to the results of Gannon et al. 
(1998) who reported that the serum triglyceride response was similar after 
ingestion of the high-carbohydrate, high-starch meals compared with 
moderate-carbohydrate, low-starch meals in subjects with type II 
diabetes.  
          The current results indicate that during summer the diabetic groups 
of rabbits had significantly higher values of cholesterol concentration 
than the corresponding values of non-diabetic groups of rabbits (Fig. 51). 
The diabetic group of rabbit fed lucerne and starch had significantly 
higher cholesterol concentration than the diabetic control. Increased 
cholesterol level may be due to insulin deficiency. Insulin deficiency also 
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leads to an increase in plasma lipoproteins. This causes hyperlipidaemia 
and consequently high cholesterol levels in the blood (Sukkar et al., 
2001). Supplementation of normal rabbits with high carbohydrate, low fat 
diet reduced cholesterol concentration (Oboh et al., 2007). 
         The results of the present study indicate that during summer there 
was no significant difference in serum Na concentration between the 
diabetic and non-diabetic group fed lucerne and starch. However, Na 
level was significantly lower in diabetic groups compared to non-diabetic 
group fed lucerne.  The decrease in serum Na concentration may be due 
to high water consumption associated with hyperglycaemia. A 
disturbance in water homeostasis in patients with diabetes mellitus might 
lead to either hypotonic hyponatraemia or hypernatraemia in response to 
positive or negative water balance, respectively. Khan et al. (1999) 
reported that serum Na concentration in diabetic rabbits was marginally 
below the reference range. Also Shafique et al. (2002) found that at 23 
days after alloxan injection in rabbits, there was slight hyponatraemia. 
The effects of high carbohydrate, low fat diet on Na were evaluated in 
rabbits; serum Na showed a significant increase when compared with 
control (Oboh et al., 2007).  
          The current study revealed that there was no significant variation in 
serum K between experimental groups during summer. These findings are 
similar to the results of Mumtaz et al. (2004) who reported that there was 
no significant change in serum K levels in diabetic rabbits. However, 
Shafique et al. (2002) found that serum K was decreased significantly in 
alloxan diabetic rabbits. Tzamaloukas and Avasthi (1987) noted that 
hyperkalemia was associated with hyperglycaemia in diabetic patients. 
However, hypokalaemia in diabetes was associated with glycosuria and 
osmotic diuresis with loss of water, Na, K, and other electrolytes. 
Hyperkalemia in poorly controlled diabetes was related to elevated 
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plasma glucose concentration which causes an osmotic shift of fluid and 
electrolytes, primarily K out of cells (Inzucchi, 2004). 
           The present results indicate that both during summer and winter 
the diabetic groups of rabbits had significantly lower values of serum 
insulin concentration compared to the values measured for non-diabetic 
groups (Figs. 60 and 61). The decrease in insulin concentration is due to 
induction of diabetes by alloxan. Injection of alloxan in rabbits was 
associated with the liberation of a large amount of insulin from cells of 
the islets rendered necrotic by the drug. This causes decrease in the 
insulin of the islet cells. Morgan and Lazarow (1965) showed that serum 
insulin values fell to, and remained at very low levels after alloxan 
administration in rabbits. Also decrease in insulin level in diabetes was 
reported by Srinvasan and Ramarao (2007) who stated that alloxan acts 
by selectively destroying the pancreatic B islets leading to insulin 
deficiency. The present results showed that supplementation with starch 
slightly increased insulin concentration in diabetic and non-diabetic 
groups of rabbits during summer. This may be due to the increase of 
plasma glucose concentration related to digestion and absorption of 
starch. Increased plasma glucose causes an increase insulin secretion 
(Ganong, 2005). 
         In the diabetic groups the serum cortisol concentration was higher 
during winter compared to summer values (Fig. 65). This is attributed to 
the cold environment which imposes more stress in diabetic rabbits. 
 
4.5 Summary 
1. Twenty adult rabbits were used to investigate the effects of dietary 
supplementation with starch and season on thermoregulation and blood 
constituents in diabetic and non-diabetic rabbits. 
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2. Supplementation with starch increased rectal temperature (Tr) of the 
diabetic groups significantly during summer, while in winter, Tr in non-
diabetic rabbits fed lucerne was significantly lower than the other groups.  
3. During summer, non-diabetic group of rabbits supplemented with 
starch had significantly higher respiratory rate (RR) than the other 
groups. The RR values of all experimental groups were significantly 
higher during summer compared with the respective winter values.  
4. Both during summer and winter diabetic group of rabbits fed lucerne 
and starch had significantly lower BW compared to the other groups. 
During summer, the diabetic group supplemented with starch had the 
lowest BW. The diabetic group of rabbits fed lucerne and starch had 
significantly higher BW during winter compared to the respective 
summer value. 
5. Both during summer and winter, the diabetic groups of rabbits had 
significantly higher water consumption compared to the non-diabetic 
groups of rabbits. The diabetic rabbits fed lucerne and starch had 
significantly higher water consumption than the diabetic rabbits fed 
lucerne. The water consumption of non-diabetic group of rabbits fed 
lucerne and diabetic groups was significantly higher during summer 
compared with the respective winter values.  
6.  The diabetic groups of rabbits had lower values of PCV compared to                          
the respective values of the non-diabetic rabbits both during summer and 
winter. There were no seasonal variations in PCV for diabetic groups and 
the non-diabetic group of rabbits fed lucerne and starch. 
7. Both during summer and winter, the diabetic groups of rabbits showed 
lower values of Hb concentration compared to the respective values of 
the non-diabetic rabbits. The diabetic groups of rabbits and non-diabetic 
rabbits fed lucerne and starch had no significant seasonal variation in Hb 
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concentration, while non-diabetic rabbits fed lucerne had significantly 
higher value during winter compared to summer value. 
8. During summer, there was no significant difference in TLC of different 
experimental groups. During winter, the non-diabetic group of rabbits fed 
lucerne had significantly lower TLC compared to the respective values of 
the other groups. Diabetic groups had significantly higher TLC values 
during summer compared to winter values.  
9. Both during summer and winter, the diabetic groups of rabbit showed 
significantly higher plasma glucose concentration than the respective 
values of non-diabetic groups. The diabetic rabbits supplemented with 
starch showed significantly higher values than diabetic rabbits fed lucerne 
only.  
10. Both during summer and winter there was no significant difference in 
serum total protein concentration between the experimental groups of 
rabbits. The non-diabetic group fed lucerne had higher total protein 
concentration in winter compared to respective summer value. 
11. During summer, there was no significant difference in serum albumin 
concentration between diabetic and non-diabetic groups of rabbits. 
During winter, the diabetic groups of rabbits had significantly lower 
serum albumin than the non-diabetic groups of rabbits. Season had no 
significant effect on serum albumin concentration for all experimental 
groups.  
12. Both during summer and winter, the diabetic groups of rabbits had 
significantly higher serum urea than non-diabetic groups of rabbits. 
Season had no significant effect on serum urea concentration in the 
diabetic rabbits. However, the non-diabetic rabbits showed significantly 
higher values of urea concentration during winter. 
13. During summer, diabetic rabbits supplemented with starch had the 
lowest creatinine concentration compared to other experimental groups. 
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The non-diabetic rabbits fed lucerne had significantly higher 
concentrations of creatinine. During winter, there was no significant 
difference between the experimental groups. Creatinine concentration 
was significantly higher during summer than winter in all experimental 
groups. 
14. Both during summer and winter, the diabetic groups of rabbits 
maintained higher serum total lipid compared to the non-diabetic groups 
of rabbits. During summer, the diabetic group of rabbits supplemented 
with starch had significantly higher serum total lipid concentration than 
the diabetic group fed lucerne. Non-diabetic group supplemented with 
starch had significantly higher total lipid concentration during winter 
compared to summer value. 
15. During summer, the diabetic group of rabbits supplemented with 
starch had the highest serum triglyceride concentration. During winter, 
supplementation with starch had no significant effect on triglyceride level 
in both diabetic and non-diabetic groups. There was no significant change 
in triglyceride concentration related to season. 
16. The diabetic group of rabbits fed lucerne and starch had significantly 
higher cholesterol concentration than the diabetic control and non-
diabetic groups of rabbits. Diabetic rabbits fed lucerne had significantly 
higher cholesterol concenteration than the non-diabetic groups of rabbits. 
The diabetic groups of rabbits had significantly higher values than the 
non-diabetic groups. Cholesterol concentration was significantly higher 
during summer than winter in non-diabetic groups of rabbits and the 
diabetic group supplemented with starch. 
17. Both during summer and winter, the diabetic group of rabbits fed 
lucerne maintained significantly higher serum Na compared to other 
experimental groups. Serum Na was significantly higher in diabetic and 
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non-diabetic groups of rabbits supplemented with starch during winter 
compared to the respective summer values.  
18. Serum K concentration in non-diabetic rabbits fed lucerne and starch 
was significantly higher during winter than summer. 
19. Both during summer and winter, the diabetic groups of rabbits 
maintained significantly lower insulin concentration compared to the 
values obtained for the non-diabetic groups. However, the starch 
supplemented group of diabetic rabbits maintained higher values than the 
the diabetic group fed lucerne. The non- diabetic group supplemented 
with starch had higher insulin concentration during summer than winter. 
20. During summer, there was no significant difference in serum cortisol 
concentration between the experimental groups. During winter, the 
diabetic group of rabbits supplemented with starch had significantly 
higher cortisol concentration than other experimental groups. The cortisol 
level was significantly higher in winter compared to the summer values in 
diabetic groups of rabbits.  
     
 
.   
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CHAPTER FIVE  
EFFECTS OF DIETARY LIPID SUPPLEMENTATION AND 
THERMAL ENVIRONMENT ON PHYSIOLOGICAL RESPONSES OF 
RABBITS TO DIABETES MELLITUS. 
 
5.1 Introduction 
    The composition and quantity of dietary fat affect circulating 
lipids. An increase in dietary polyunsaturated fat relative to saturated fat 
generally causes decreased blood triglycerides and cholesterol in human 
beings as well as in various animal models (Charles and Hawell, 1979). 
Dairy products  make appreciable contribution to saturated fat and 
cholesterol intake. Consumption of these products may be correlated with 
high blood cholesterol (Rossouw et al.,1981). Chronic consumption of 
high fat diets deteriorates the metabolic profile of animals; diets high in 
saturated fat, impair glucose tolerance and increase the risk of type п 
diabetes (Feskens et al.,1995).  The long-term high-fat feeding to female 
rats resulted in significant increases in body weight and plasma levels of 
insulin, glucose, and triglycerides during pregnancy compared with 
female rats consuming a standard rodent laboratory chow. These results 
indicate that chronic consumption of a high fat diet by female rats 
malprograms is the cause for glucose intolerance and development of 
increased body weight in adulthood (Srinivasan et al., 2006). Dietary fat 
delays stomach emptying (Gulliford et al., 1989), and high intakes of 
rapidly digested proteins modify the glycaemic response by increasing 
insulin secretion (Nuttall and Gannon 1990). 
         Feeding normal rats with high dietary levels of saturated fat leads to 
pathological conditions (Ghatta and Ramarao, 2004) These conditions 
such as hypertriglyceridaemia, hypercholaesterolemia, obesity, and 
hyperglycaemia might induce hypertension through various mechanisms. 
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Metabolic syndrome and the resulting NIDDM represent a major clinical 
challenge because implementation of treatment strategies is difficult. 
Several animal studies (Winzell and Ahren, 2004 ; Woods et al., 2003) 
have demonstrated that prolonged feeding of a high-fat  diet to normal 
rats results in increased body weight, hyperinsulinemia, and insulin 
resistance. Catherine et al. (1991) reported that alloxan diabetic rabbits 
develop hypercholesterolaemia and hypertriglyceridemia in response to 
cholesterol feeding. Yin et al. (2002) reported that a diet high in saturated 
fat and sucrose alters glucose regulation in New Zealand rabbits and 
resulted in increasing total plasma cholesterol concentration and 
triglyceride. The most common reason for the White development of 
hyperinsulinaemia (decreased hepatic insulin clearance and/or increased 
insulin secretion) from insulin resistance is obesity. Excess fat deposits in 
the white adipose tissue affects insulin mediated glucose metabolism in 
non-adipose tissues, causes disordered insulin response and increases 
lipid-deposition (Faraj  et al., 2004). 
         Type п diabetes, characterized by tissue resistance to insulin, is 
strongly associated with obesity; however, the mechanism by which 
increased adiposity causes insulin resistance is unclear. The  adipocytes 
secrete a unique signalling molecule, resistin (for resistance to insulin). 
Circulating resistin levels are increased in diet-induced and genetic forms 
of obesity. Administration of anti-resistin antibody improves blood sugar 
and insulin action in mice with diet-induced obesity (Claire et al., 2001). 
Results of Yin et al.(2004)  showed that feeding a high-fat and high-
sucrose diet to miniature pigs increased the size of adipocytes, and the 
plasma levels of glucose. This diet also induced insulin resistance and 
impaired the acute insulin response to glucose loading. Dysfunctions of 
lipoprotein lipase (LPL) have been found to be associated with 
dyslipidaemias, obesity and insulin resistance. Increased LPL activity in 
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transgenic rabbits resulted in a significant reduction of plasma 
triglycerides and non-esterified fatty acids, but not in basal levels of 
glucose and insulin. (Kitjima et al. 2004). 
        The study of Popov et al. (2003)  investigated effects of a medium 
and high saturated fat diet on the development of diabetes-associated 
pathologies in Golden Syrian hamsters, an animal that reacts to dietary 
lipids in a fashion similar to humans. They found that increased saturated 
fat consumption was associated with gradual imbalance of homeostasis, 
severe hypertriglyceridaemia and augmented creatinine concentrations 
related to disturbances of the renal function, progressing to nodular 
glomerulosclerosis and nephropathy; reduced early insulin secretion in 
response to glucose.  
         The purpose of the present study was to investigate the effects of 
dietary fat supplementation and thermal environment on physiological 
responses of rabbits to diabetes mellitus. 
 
5.2 Experimental plan 
         In this study, 20 adult apparently healthy male rabbits were used. 
They were randomly assigned to 4 groups (A, B, C and D) of 5 animals 
each. Group A and B were made diabetic using alloxan (doses 150mg/kg)   
with glucose and insulin treatments. Group A diabetic rabbits was fed 
lucerne only and served as a diabetic control. Group B was given lucerne 
supplemented with fat (Ghee, 3g/day ; given to the animals orally ). 
Group C non-diabetic rabbits were fed Lucerne and Group D non-
diabetic rabbits were fed lucerne supplemented with fat (ghee). All 
animals were given free access to tap water. The rabbits were subjected 
to the dietary experimental protocol for 8 weeks. During the experimental 
period, body weights of the rabbits were measured at weekly intervals. 
Blood samples were collected weekly at 7:00 a.m. The samples were 
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used for the determination of plasma glucose, serum metabolites and 
hormones. The same experimental protocol was executed under typical 
summer and winter conditions. 
         The environmental temperature (Ta) and relative humidity (RH) 
prevailing during the experimental periods are shown in Table 14. The 
analysis of variance (ANOVA) was used to examine the effects of 
supplementation with starch in diabetic and non- diabetic groups of 
rabbits on the parameters measured respectively.    
 
5.3  Results 
 
         The results of the effects of dietary fat supplementation  on body 
weight (BW), blood metabolites and serum insulin concentration in 
summer and winter are shown in Tables15 and 16. 
5.3.1 Body weight (BW) 
         The effects of fat supplementation and season on BW in diabetic 
and non-diabetic rabbits are shown in Figs. 66, 67 and 68. 
         During summer (Fig. 66), there was progressive increase in the BW 
of non-diabetic rabbits supplemented with fat while the corresponding 
values of BW in diabetic and non-diabetic groups of rabbits fed lucerne 
showed a slight increase during the first 5 weeks of experimental period, 
then maintained an almost steady level. The pattern shows that there was 
gradual decrease in BW of diabetic group of rabbits supplemented with 
fat.  The diabetic group of rabbits fed Lucerne and fat shows significantly 
(P<0.05) lower mean values of BW compared to the corresponding mean 
BW of non-diabetic groups. The diabetic group of rabbits fed lucerne 
showed slightly lower value than the respective value of non-diabetic 
group of rabbits fed lucerne. The non-diabetic group of rabbits 
supplemented with fat showed significantly (P<0.05) higher mean BW 
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Table 14. The ambient temperature (Ta) and relative humidity (RH)  
                  prevailing during the experimental period. 
  
 
Summer 
(July- September, 2004) 
Winter 
(February- March, 2005 ) 
Ta (οC) RH 
(%) 
Ta (οC) RH 
(%) 
Experimental 
period 
(weeks) 
Max. Min. Mean Mean Max. Min. Mean Mean 
1 
40.22 26.64 
 
33.43 
 
35.14 35.81 17.1 26.45 26.85 
2 
37.18 25.38 
 
31.28 
 
47.28 32.97 16.27 24.62 22.71 
3 38.37 25.85 32.11 44.57 38.89 15.81 27.35 21.86 
4 38.78 26.07 32.42 40.28 40.25 20.35 30.30 24.00 
5 40.11 24.71 32.41 34.28 38.74 16.2 27.47 18.85 
6 39.61 26.21 32.91 41.28 38.55 20.65 29.60 20.57 
7 40.02 27.77 33.90 40.00 34.74 17.57 26.15 16.71 
8 39.92 26.54 33.23 30.14 36.42 19.82 28.12 14.28 
Mean + SD 39.27 26.14 32.71 39.12 37.04 17.97 27.50 20.72 
 + 1.07 + 0.90 + 0.83 + 5.64 + 2.46 + 1.99 + 1.86 + 4.04 
 
 
 
 
 172 
 
 
 
 
Table 15. The effect of supplementation with fat on body weight, plasma 
                glucose and serum metabolites and insulin concentration  in 
                diabetic and non-diabetic rabbits during summer. 
 
Parameter 
Non-
diabetic 
rabbits 
fed 
Lucerne 
Non-diabetic 
rabbits fed 
Lucerne + 
fat 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + fat 
 
 
LS 
Body weight 
(g) 
 1185 b  
± 61 
1233 a 
± 110 
1173 b 
± 145 
1204 ab 
± 194 
 
* 
Glucose 
(mg/dL) 
90.67 c 
±7.95 
87.60 c 
±7.62 
 
293.52 b 
± 56.23 
325.97a 
± 41.09 
 
*** 
Urea 
(mg/dL) 
50.22b 
± 6.17 
48.54b 
± 6.18 
63.94a 
± 7.41 
65.43 a 
± 7.66 
 
*** 
Creatinine 
(mg/dL) 
1.53a 
± 1.02 
1.38a 
± 0.26 
1,32a 
± 0.21 
1.35a 
± 0.21 
 
NS 
Total lipid  184.46
c 
± 49.39  
193.65c 
± 37.16  
309.02b 
±47.89  
325.76a 
± 78.43  
  
* 
Triglyceride 
(mg/dL) 
70.45b 
± 17.72 
74.05ab 
± 31.16 
76.70b 
± 26.56 
81.15a 
± 30.43 
 
* 
Cholesterol 
(mg/dL) 40.89
c 
±9.62 
47.22b 
±12.94 
52.97b 
±14.97 
60.48a 
±15.25 
 
*** 
 
Insulin 
(Mu/L) 
15.47 a 
±3.75 
16.46 a 
±3.65 
7.56 b 
±1.74 
7.79 b 
±2.23 
 
   *** 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
***: P<001 
NS: Not significant. 
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Table 16: The effect of supplementation with fat on body weight, plasma 
                glucose, serum metabolites and insulin concentration  in                  
                diabetic and non-diabetic rabbits during winter. 
  
Parameter 
Non-
diabetic 
rabbits 
fed 
Lucerne 
Non-diabetic 
rabbits fed 
Lucerne + 
fat 
Diabetic 
rabbits fed 
Lucerne 
Diabetic 
rabbits fed 
Lucerne + fat 
 
 
LS 
 
 
Body weight 
(g) 
1255a 
± 231 
1243a 
± 149 
1232a 
± 105 
1147b 
± 132 
 
* 
Glucose 
(mg/dL) 
90.26b 
±9.50 
 
88.72 b 
±7.82 
 
271.38 a 
± 45.90 
283.24a 
± 48.05 
 
*** 
Urea 
(mg/dL) 
53.80b 
± 13.17 
48.98b 
± 7.52 
77.07a 
± 10.07 
76.47 a 
± 11.60 
 
*** 
Creatinine 
(mg/dL) 
1.30a 
± 1.02 
1.36a 
± 0.24 
1,32a 
± 0.21 
1.18a 
± 0.20 
 
NS 
Total lipid 
(mg/dL) 
172.52c 
± 44.30  
207.745c 
± 58.04  
313.50b 
±47.89  
327.36a 
± 71.25  
  
* 
 
Triglyceride 
(mg/dL) 
 
52.85b 
± 21.01 
 
63.95ab 
± 20.48 
 
78.25a 
± 29.30 
 
85.15a 
± 47.69 
 
* 
 
Cholesterol 
(mg/dL) 
 
45.72c 
±4.65 
 
57.30b 
±12.45 
 
56.00b 
±17.00 
 
65.20a 
±15.28 
 
* 
 
Insulin 
(Mu/L) 
 
15.39 a 
±3.66 
 
15.22 a 
±3.89 
 
7.37 b 
±1.62 
 
7.43 b 
±2.05 
 
 *** 
 
Mean values within the same row bearing different superscripts are 
significantly different. 
LS: level of significance 
*    : P<0.05 
***: P<001 
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NS : not significant 
 
 
Fig.66. Effect of dietary supplementation with fat on mean
            body weight (BW) in diabetic and non-diabetic
            rabbits during summer.
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Fig.67. Effect of dietary supplementation  with fat on mean     
            body  weight (BW) in diabetic and non-diabetic           
            rabbits during winter. 
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Fig.68. Effect of dietary supplementation with fat  and
            seasonal change in thermal environment on body
            weight (BW) in diabetic and non-diabetic rabbits.
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 compared to the other experimental groups of rabbits.  
         Fig. 67 shows the results of supplementation with fat during winter. 
All experimental groups of rabbits exhibited gradual increase in BW 
during the experimental period. However, the increase in BW was slight 
in both diabetic and non-diabetic groups fed lucerne.  
         Table 17 shows that the non-diabetic group of rabbits maintained 
significantly (P<0.05) higher BW compared to the values obtained for the 
other groups. However, the diabetic group of rabbits supplemented with 
starch showed significantly (P<0.05)  lower mean values. 
         Fig. 68 shows the effect of seasonal change in thermal environment 
on BW in diabetic and non-diabetic group of rabbits. The diabetic and 
non-diabetic group of rabbits fed lucerne and the non-diabetic group 
supplemented with fat had significantly (P<0.01) higher BW values 
during winter compared to the summer values. However, the diabetic 
group fed lucerne and fat had significantly (P<0.01)  higher values during 
summer. 
 
5.3.2 Plasma glucose 
         Figs. 69, 70, and 71 show the effect of supplementation with fat and 
season on plasma glucose concentration. 
        During summer (Fig.69), there was gradual increase in glucose 
concentration of the diabetic group of rabbits supplemented with fat and 
their control during the experimental period. However, there was decline 
in plasma glucose concentration in the 4th week of experiment in the 
diabetic group of rabbits supplemented with fat. Table 15 shows that the 
diabetic group of rabbits supplemented with fat exhibited significantly 
(P<0.001) higher glucose concentration than the respective values of 
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diabetic group fed Lucerne only. The non- diabetic groups of rabbits 
maintained steady glucose level during the experimental period.  
 
  
Fig.69. Effect of dietary supplementation with fat on plasma glucose      
            concentration in diabetic and non-diabetic rabbits during             
            summer.
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Fig.70. Effect of dietary supplementation with fat on plasma            
            glucose concentration in diabetic and non- diabetic 
            rabbits during winter.
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Fig.71.  Effect of supplementation with fat and seasonal         
             change in thermal environment on plasma glucose    
             concentration in diabetic and non-diabetic rabbits.
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         During winter (Fig.70), there was highly significant (P<0.001) 
increase in plasma glucose concentrations of the diabetic groups of 
rabbits compared to non- diabetic rabbits. The plasma glucose 
concentration of the diabetic group supplemented with fat increased in the 
2nd week then declined in the 3rd and 4th week, and thereafter increased 
and maintained high concentration until the end of the experiment. The 
diabetic group fed lucerne maintained a constant glucose level for 4 
weeks then it increased and maintained higher concentration until the end 
of the experimental period. The non- diabetic groups maintained constant 
pattern throughout experimental period. The group of diabetic rabbits 
supplemented with fat showed significantly (P<0.001) higher glucose 
concentration than the respective group of diabetic rabbits fed lucerne. 
However, there was no significant difference in plasma glucose 
concentrations between the non-diabetic groups (Table 16). 
         Fig. 71 shows the effect of seasonal change in thermal environment 
on plasma glucose concentration in diabetic and non-diabetic groups of 
rabbits. In both diabetic groups of rabbits the glucose concentration was 
significantly (P<0.001) higher in summer compared to respective winter 
value. There was no change related to season in non-diabetic groups of 
rabbits. 
53.3 Serum urea  
         Figs. 72, 73 and 74 show the effect of supplementation with fat and 
season on serum urea concentration in diabetic and non-diabetic rabbits.  
         During summer (Fig 72), the general pattern indicates that non-
diabetic groups of rabbits maintained lower urea values. There was no 
marked difference in urea concentration in non-diabetic groups 
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throughout the experimental period. The diabetic group of rabbits fed 
lucerne showed  
Fig.72.  Effect of dietary supplementation with fat on serum    
             urea concentration in diabetic and non-diabetic          
             rabbits during summer.
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Fig.73.  Effect of dietary supplementation with fat on serum    
             urea concentration in diabetic and non-diabetic          
             rabbits during winter.
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Fig.74. Effect of supplementation with fat and seasonal          
            change in thermal environment on serum  urea           
            concentration in diabetic and non-diabetic rabbits. 
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fluctuations in serum urea concentration while the diabetic group 
supplemented with fat showed increase in serum urea concentration in the 
first 4 weeks then decline in 5th week and remained in consistent pattern 
to the end of experiment. Table 15 indicates that the diabetic groups of 
rabbits maintain significantly (P<0.001) higher urea concentration 
compared to non-diabetic groups of rabbits. There was no significant 
variation in urea concentration between diabetic groups.  
         During winter (Fig 73), although all groups showed slight 
fluctuations in urea concentration, the general trend indicates that the 
diabetic groups of rabbits maintained higher values of urea concentration 
compared to non-diabetic groups of rabbits. Table 16 shows that the 
diabetic groups of rabbits maintained significantly (P<0.001) higher 
values of urea concentration compared to non-diabetic groups of rabbits. 
There was no significant variation in urea concentration between diabetic 
groups. 
         Fig. 74 shows the effect of seasonal change in thermal environment 
on serum urea concentration in diabetic and non-diabetic group of rabbits. 
Season had no significant effect on serum urea concentration in the group 
of non-diabetic rabbit fed lucerne and fat and their control group. 
However, the diabetic groups of rabbit supplemented with fat and their 
control showed significantly (P<0.001) higher values of urea 
concentration during winter compared to the respective values obtained in 
summer. 
5.3.4 Serum creatinine: 
 Figs. 75, 76 and 77 show the effect of supplementation with fat and 
season on serum creatinine concentration.  
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 During summer (Fig 75), the initial values of serum creatinine 
concentration of diabetic groups and non-diabetic group fed lucerne   
were close to each other. However, the non-diabetic group supplemented  
Fig.75. Effect of dietary supplementation with fat on serum     
            creatinine in diabetic and non-diabetic rabbits during  
            summer.
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Fig.76. Effect of dietary supplementation with fat on serum     
            creatinine concentration in diabetic and non-diabetic   
            rabbits during winter. 
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Fig.77. Effect of supplementation with fat and seasonal          
            change in thermal environment on serum creatinine
            concentration in diabetic and non-diabetic rabbits.
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with fat had higher initial value than the other groups. The general trend 
indicates that the diabetic and non-diabetic groups of rabbits showed 
fluctuations in serum creatinine concentration. Table 15 shows that the 
effect of supplementation with fat on serum creatinine concentration was 
not significant in diabetic and non-diabetic rabbits. However, the non-
diabetic group of rabbits fed lucerne had slightly higher values. 
         During winter (Fig 76), the diabetic and non-diabetic groups of 
rabbits showed fluctuations in serum creatinine concentration. Table 16 
indicates that the effect of supplementation with fat on serum creatinine 
concentration was not significant in diabetic and non-diabetic rabbits. 
However, the diabetic group of rabbits supplemented with starch had 
slightly lower value. 
 Fig. 77 shows that the serum creatinine concentration was 
significantly higher during summer in non-diabetic group fed lucerne and 
diabetic group supplemented with fat.  
 
5.3.5  Serum total lipid  
 Figs. 78, 79 and 80 show the effect of supplementation with fat and 
season on serum total lipid in diabetic and non-diabetic grous of  rabbits. 
     During summer (Fig. 78), the initial values of serum total lipid 
concentration were not similar, the diabetic groups of rabbits maintained  
higher total lipid concentrations compared to the respective values 
obtained for the non-diabetic groups of rabbits. The pattern shows that 
diabetic groups of rabbits supplemented with fat and their control group 
exhibited gradual increase in serum total lipid concentration during 
experimental period. However, there was slight decline in both diabetic 
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and their control in the last week of the experiment. Table 15 shows that 
diabetic groups of rabbits had significantly (P<0.01) higher serum total  
Fig.78. Effect of supplementation with fat on serum total 
            lipid concentration in diabetic and non-diabetic    
            rabbits during summer.
0
50
100
150
200
250
300
350
400
1 2 3 4 5 6 7 8
Time  (weeks)
To
ta
l l
ip
id
 (m
g/
dL
)
Non-diabetic rabbits fed Lucerne
Non-diabetic rabbits fed Lucerne + Fat
Diabetic rabbits fed Lucerne
Diabetic rabbits fed Lucerne + fat
 
 
 
 191 
 
 
 
Fig.79. Effect of dietary  supplementation with fat on serum    
            total lipid concentration in diabetic and non-diabetic    
            rabbits during winter. 
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Fig.80.  Effect of supplementation with Fat and seasonal        
             change in thermal environment on serum total lipid    
             concentration in diabetic and non-diabetic rabbits.
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lipids concentration compared to the non-diabetic groups of rabbits. 
However, the diabetic group of rabbits supplemented with fat had 
significantly (P<0.01) higher serum total lipid concentration compared to 
the diabetic group fed lucerne. There was no significant variation in 
serum total lipid concentration between non-diabetic groups.  
         During winter (Fig. 79), the initial values of total lipid were not 
similar, the diabetic groups of rabbits had higher values compared to the 
respective values of non-diabetic groups of rabbits. The general pattern 
shows that there was no great variations in the serum total lipid during the 
experimental period in the the diabetic and non- diabetic groups of 
rabbits.  Table 16 shows that the diabetic groups of rabbits had 
significantly (P<0.01) higher serum total lipids than the respective values 
of  non-diabetic groups. However, the diabetic group of rabbits 
supplemented with fat had significantly (P<0.01) higher serum total lipid 
concentration compared to the diabetic group fed lucerne.  
 Fig. 80 shows the effect of season on serum total lipids in diabetic 
and non-diabetic groups of rabbits. Seasonal change in thermal 
environment had no significant effect on total lipid in diabetic and non-
diabetic groups of rabbits. 
 
5.3.6 Serum triglyceride  
         Fig 81, 82 and 83 show the effect of supplementation with fat and 
season on serum triglycerides in diabetic and non-diabetic groups of 
rabbits.  
         During summer (Fig. 81), the diabetic groups showed increase in 
serum triglyceride concentration in the first phase of experimental period, 
subsequently there was general decline until the end of experiment. 
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Supplementation with fat had significant (P<0.01) effect on triglyceride 
concentration in experimental groups.  
 
 
Fig.81. Effect of supplementation with fat on serum                
            triglyceride concentration in diabetic and non-             
            diabetic rabbits during summer.
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Fig.82.  Effect of dietary supplementation with fat on serum    
             triglycerides concentration in diabetic and non-          
             diabetic rabbits during winter 
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Fig. 83. Effect of supplementation with fat and seasonal         
             change in thermal environment on serum                   
             triglycerides concentration in diabetic and non-          
             diabetic.
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The group of diabetic rabbits supplemented with fat had significantly 
(P<0.05) higher triglyceride concentration (Table 15). 
         During winter, (Fig 82), the initial values of serum triglyceride 
concentration of diabetic groups of rabbits were higher than the 
corresponding initial values of the non-diabetic groups. The triglyceride 
concentration of diabetic groups decreased until the 3rd  week, then 
increased until the end of the experiment, while the non-diabetic group of 
rabbits showed a decrease in the 2nd week, then an increase until the end 
of the experiment. Supplementation with fat had significant (P<0.05)  
effect on triglyceride concentration in diabetic groups of rabbits, it was 
higher in the diabetic groups of rabbits supplemented with fat  (Table 16). 
There was no significant defference in serum triglyceride concentration 
between the non- diabetic groups. 
         Fig. 83 shows that the triglyceride concentration was significantly 
(P<0.05) higher during summer compared to the respective winter value 
in non-diabetic groups of rabbits.  
 
5.3.7  Serum cholesterol  
         Figs. 84, 85 and 86 show the effect of supplementation with fat and 
season on serum cholesterol concentration in diabetic and non-diabetic 
rabbits.  
 During summer (Fig. 84), the initial values of serum cholesterol 
concentration were not similar. The diabetic and non-diabetic groups of 
rabbits supplemented with fat had higher cholesterol concentration than 
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the respective values of diabetic and non-diabetic fed lucerne. The 
concentration of cholesterol in diabetic group supplemented with fat  
Fig.84. Effect of dietary supplementation with starch on          
            serum cholesterol concentration in diabetic and          
            non-diabetic rabbits during summer.
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Fig.85. Effect of dietary supplementation with fat on 
            cholesterol concentration in diabetic and non-
            diabetic rabbits during winter.
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Fig.86. supplementation with fat and seasonal change with    
            thermal environment on serum cholesterol                  
            concentration in diabetic and non-diabetic rabbits.
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showed gradual increase until 5th week of experiment, then decreased at 
the 6th and 7th week and again increased in the last week of experiment. 
The other groups did not show consistent pattern.  Table 15 shows that 
the diabetic group supplemented with fat had significantly (P<0.001) 
higher cholesterol than the diabetic control and non-diabetic groups of 
rabbits. Diabetic group of rabbits fed lucerne only had significantly 
higher cholesterol level than the corresponding values of the non-diabetic 
groups of rabbits. However, serum cholesterol concentration was 
significantly ((P<0.05)) higher in non-diabetic group supplemented with 
fat than non-diabetic group fed Lucerne only. 
          During winter (Fig.85), the initial values of cholesterol level were 
not similar. The diabetic groups of rabbit had highest initial value. The 
non-diabetic group of rabbits maintained lower values of serum 
cholesterol concentration than the other groups during the course of the 
experiment. The other groups of rabbits did not show consistent pattern of 
serum cholesterol concentration during the experimental period. 
 Table 16 shows that diabetic group of rabbits supplemented with 
fat had significantly (P<0.05) higher serum cholesterol than the diabetic 
group fed Lucerne and non-diabetic groups of rabbits. However, there 
was no significant difference in cholesterol concentration of the diabetic 
group fed lucerne and the non-diabetic group fed lucerne and fat. The 
non-diabetic group fed lucerne exhibited significantly (P<0.05) lower 
serum cholesterol concentration. Fig. 86 shows that serum cholesterol 
concentration in non-diabetic rabbits supplemented with fat was 
significantly (P<0.05) higher during winter than summer. However, 
season had no significant effect on serum cholesterol in other groups. 
5.3. 8 Serum insulin 
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         Figs. 87, 88 and 89 show the effects of supplementation with fat on 
serum insulin concentration in diabetic and non-diabetic rabbits.  
Fig.87. Effect of supplementation with fat on serum insulin     
            concentration in diabetic and non-diabetic rabbits       
            during summer.
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Fig.88. Effect of dietary supplementation with fat on serum     
            insulin concentration in diabetic and non-diabetic        
            rabbits during winter.
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Fig.89.  Effect of supplementation with fat and seasonal         
             change in thermal environment on serum insulin        
             concentration in diabetic and non-diabetic rabbits.
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        During summer (Fig. 87), the initial values of  serum insulin 
concentrations were higher in non-diabetic groups than diabetic groups.  
Table 15 shows that the diabetic groups of rabbits had significantly 
(P<0.001) lower values of serum insulin concentration  compared to the 
values measured for non-diabetic groups. However, the insulin 
concentration for the diabetic and non-diabetic group supplemented with 
fat was slightly higher than the non-diabetic groups fed lucerne. 
         During winter (Fig 88), the initial values of insulin level for the 
diabetic groups of rabbits were similar. Table 16 indicates that the 
diabetic groups of rabbits maintained significantly (P<0.001) lower 
insulin compared to the respective values obtained for the non-diabetic 
groups. However, the fat supplemented diabetic rabbits maintained 
slightly higher insulin than the respective value for the diabetic group fed 
Lucerne.  
        Fig. 89 shows the effect of season on serum insulin concentration in 
diabetic and non-diabetic groups of rabbits. Seasonal change in thermal 
environment had no significant effect on serum insulin concentration in 
diabetic and non-diabetic groups of rabbits.  
 
5.4 Discussion 
        This experiment aimed to investigate the effects of supplementation 
with fat and seasonal change in thermal environment on body weight (BW) 
and blood metabolites in diabetic and non-diabetic male rabbits. Alloxan 
monohydrate (150 mg/kg BW) injected intravenously was used to induce 
diabetes. Animals considered diabetic were used in the study. Glucose 
tolerance test (GTT) was performed to ensure the diabetic status. The 
experiment was performed during summer and winter conditions.  
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       The current results used ghee produced from cow milk fat which is 
rich in saturated fatty acids. Dairy products make appreciable 
contribution to saturated fat and cholesterol intake. Consumption of these 
products may be correlated with high blood cholesterol level (Rossouw et 
al., 1981). 
         The results indicate that both during summer and winter  the 
diabetic groups of rabbits had significantly lower mean BW than the 
corresponding mean values in the non-diabetic groups. The non-diabetic 
group of rabbits supplemented with fat showed the highest mean BW 
compared to the other groups of rabbits (Figs.66 and 67). The decrease in 
BW of diabetic rabbits is attributed to loss or degradation of structural 
proteins due to diabetes; the structural proteins are known to contribute to 
the BW as reported by Rajkumar and Govidarajulu (1991) in diabetic rats. 
Ramesh et al. (2006) reported weight loss in streptozotocin diabetic rats. 
The increase in BW in non-diabetic group of rabbits supplemented with 
fat during summer is in agreement with previous studies carried out in 
animals fed high fat diet (Murray et al., 1999).  
         Sandu et al. (2005) reported that in normal mice exposed to a high 
fat diet, the metabolic changes which lead to weight gain are linked to 
dietary advanced glycosylation end products (AGEs). Chen et al. (1992) 
reported that rats fed a high-saturated fat diet consumed more energy, and 
gained more weight compared with animals on two different high-
carbohydrate diets.  However, other studies indicated that body weight in 
rats were similar in control and hypercholesterolaemic groups, while a 
marked decrease in abdominal fat was found in rats fed the cholesterol 
and fat saturated enriched diet, this has been attributed to ketogenic 
mechanisms and a reduction in food intake (Tomlinson et al, 1992).  
          The results revealed that both during summer and winter the 
diabetic groups of rabbits showed significantly higher plasma glucose 
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concentration than the corresponding values of the non-diabetic groups of 
rabbits (Figs.69 and 70). The hyperglycaemia is attributed to insulin 
deficiency in the diabetic rabbits  DeFronzo et al.(1994) indicated that 
when insulin is deficient (absolute or relative), hyperglycaemia develops 
as a result of three processes: increased gluconeogenesis, accelerated 
glycogenolysis, and impaired glucose utilization by peripheral tissues. 
Increased hepatic glucose production results from the high availability of 
gluconeogenic precursors, such as amino acids alanine and glutamine; as 
a result of accelerated proteolysis and decreased protein synthesis (Felig 
(Wahren, 1971) and lactate (as a result of increased muscle 
glycogenolysis), and glycerol (as a result of increased lipolysis), and from 
the increased activity of gluconeogenic enzymes which are further 
stimulated by increased levels of stress hormones (Exton,1987). Glucose 
production occurs by conversion of glucose-6-phosphate to glucose, 
which is catalyzed by another rate-limiting enzyme of gluconeogenesis, 
hepatic glucose-6-phosphatase, which is stimulated by increased catabolic 
hormones and decreased insulin levels (Abbas et al., 2001). 
         The diabetic group of rabbits supplemented with fat exhibited 
significantly higher glucose concentration than the respective value of 
diabetic group fed lucerne only during summer and winter. Shinji et al. 
(1995) indicated that mice fed a high-fat (safflower oil) diet develop 
defective glycaemic control and accompanying hyperglycaemia. The 
increase in degree of hyperglycaemia in diabetic supplemented group of 
rabbits may be explained by inhibition of muscle glucose uptake and 
oxidation. High-fat meals do not promote fat oxidation leading to fat 
storage in adipose tissue. Glucose metabolism is inhibited at two 
important steps. First, the increase in cytoplasmic citrate concentration 
inhibits phosphofructokinase, which results in an increased glucose-6-
phosphate concentration; as a consequence, hexokinase is inhibited and, 
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finally, glucose uptake is impaired. Second, inhibition of pyruvate 
dehydrogenase impairs the entry of pyruvate into oxidative metabolism 
and thus contributes to inhibiting glucose so increased extracellular fatty 
acid concentrations inhibit muscle glucose uptake and oxidation (Jéquier, 
1998). Furthermore, the expression of the insulin-regulatable glucose 
transporter GLUT-4 (mRNA and protein) was dramatically reduced in 
skeletal muscle after feeding a high-lard-based diet to mice (Kahn and 
Pedersen, 1993; Zierath et al., 1997). Reduced insulin sensitivity in 
muscle of high-fat-fed groups could in part be due to changes in insulin 
signaling, which may ultimately produce a lower glucose uptake.  Chen et 
al. (1992) noted that in rats fed a high-saturated fat diet did not show 
elevation in the fasting plasma glucose level compared with animals on 
two different high carbohydrate diets. Also Yin et al. (2003) noted 
increase in glucose level by feeding rabbits with high fat high sucrose 
diet.  
         During summer and winter, the diabetic groups show higher serum 
triglyceride concentration than the non-diabetic group (Figs. 81 and 84). 
However, supplementation with fat had significant effect on triglyceride 
concentration between the different experimental groups both during 
summer and winter. It has been suggested that the increase in triglyceride 
may be due to insulin deficiency which results in faulty glucose 
utilization, causes hyperglycaemia and mobilization of fatty acids from 
adipose tissue. In diabetes, blood glucose is not utilized by tissues 
resulting in hyperglycaemia. The fatty acids from adipose tissue are 
mobilized for energy purpose and excess fatty acids are accumulated in 
the liver, which are converted to triglyceride (Shih et al., 1997). 
Suryawansh et al. (2006) indicated that the triglyceride levels changes 
according to the glycemic control.  
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         High level of triglyceride may be due to the obesity increase calorie 
intake and lack of muscular exercise in the patients of diabetes mellitus 
(Yogi et al., 1999). High fat meals, may exacerbate postprandial 
hypertriglyceridaemia. Impaired insulin action in type п diabetes is 
thought to result in the loss of suppression of lipolysis  in adipose tissue. 
This leads to an increased release of free fatty acids into the portal 
circulation and consequently, increased delivery of free fatty acids to the 
liver. The effect of this process is increased production of triglycerides by 
the liver and a decreased production of HDL-C. In addition there is 
impaired clearance of triglycerides from the circulation. This resulting 
hypertriglyceridaemia alters the activity of other enzymes, which leads to 
the formation of small dense LDL particles and increased catabolism of 
HDL (Valabhji and Elkeles, 2003).  
         The increase in the intracellular deposition of triglycerides (TG) in 
muscles, liver and pancreas in subjects prone to diabetes is well 
documented and demonstrated to attenuate glucose metabolism by 
interfering with insulin signaling and insulin secretion.  In contrast to the 
present results, Zulet et al. (1999) indicated that the situation of 
hypercholesterolaemia was accompanied by a decrease in triglyceride in 
rats. However, this reduction in circulating triglyceride may be associated 
with an inadequate synthesis. Also results contrary to the present findings 
were reported by Rawashdeh (2002), in which triglyceride level was 
reduced after period of ghee types.  
       Elevated serum triglycerides was noted in rabbits fed high fat / high 
sucrose diets (Yin et al., 2003 ; Yin et al., 2002). Also Kloeze and 
Abdellatif (1975) reported that  triglyceride levels were increased. The 
mobilization of triglyceride seems to be a prompt consequence of insulin 
deficiency. However, in some rabbits the blood lipids remained at low 
levels during the whole experimental period in spite of an existing insulin 
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deficiency and very high blood glucose levels. Furthermore Shafique et al 
(2002) in a study carried out on alloxan induced diabetic rabbit noted 
increased serum triglyceride in diabetic placebo group.  
         The current results indicated that in both seasons,  diabetic group of 
rabbits fed lucerne only had significantly higher cholesterol level than the 
corresponding value of the non-diabetic groups of rabbits (Figs. 84 and 
85).  The diabetic and non-diabetic groups of rabbits supplemented with 
fat had higher serum cholesterol concentration than the respective values 
in diabetic and non-diabetic fed Lucerne. The current results are in 
general agreement with the findings of Kloeze and abdellatif (1975) who 
indicated that the diabetic rabbits showed  a considerable increase in 
serum cholesterol concentration. Furthermore, a positive relationship 
between the dietary cholesterol intake and serum cholesterol was reported 
in hamsters (Cohen et al., 1994). Rawashed (2002) found that ghee types 
significantly raised serum total cholesterol level.  
         The hypercholesterolaemic effect of ghee may be related to high 
saturated fatty acid content (Lee et al., 1989). The ghee contains 
appreciable amount of short and medium chain fatty acids. which may 
work as an activator for hepatic hydroxyl-methyl-glutarate-CoA 
reductase, the rate limiting enzyme in cholesterol biosynthesis. Short 
chain fatty acids with two other fatty acids namely, lauric and myristic 
acids were thought to be hypercholesterolemic agents (Elson, 1992) and 
may cause high rate of cholesterol absorption (Ide et al., 1979). Myristic 
acid appeared to be the most potent cholesterol raising saturated fatty acid 
in humans (Hajri et al., 1998). Nicolosi et al. (1990) demonstrated that 
cholesterol alterations appear to be due to impaired catabolism rather than 
increased synthesis. In rabbits, Shafigue et al. (2002) showed that serum 
cholesterol concentration increased significantly in diabetic rabbits.  
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        The lower value of insulin concentration in the diabetic rabbits is in 
agreement with Morgan and Lazarow (1965) who showed that serum 
insulin values fell to, and remained at, very low levels soon after alloxan 
administration. The decrease in serum insulin of rabbits in the present 
study is due to induction of experimental diabetes, in which rabbits were 
injected with alloxan. There was unregulated release of preformed insulin 
from the B-cells during their destruction after the administration of 
alloxan , consequently insulin was decreased or depleted (Howell and 
Taylor, 1967). Kloeze and Abdellatif (1975) noted that the blood glucose 
levels were about 4 times higher in the diabetic rabbits than in the 
controls. Consequently the stimulus for insulin secretion shoud have been 
many times greater in diabetics than in the control rabbits. This failure to 
respond adequately to a glucose stimulus was due to deficiency of insulin.  
         The increase in serum insulin concentration in diabetic rabbits 
supplemented with fat in the present study is in agreement with  Yin et al. 
(2002) who indicated that Plasma insulin levels in rabbits fed high-fat and 
high-sucrose diet increased significantly over the first 3 months and then 
remained at a plateau throughout the remaining experimental period. In 
hypercholesterolaemic animals, plasma insulin levels were low. Thus, 
reductions of 50% in circulating insulin have been reported and in high 
fat fed rats and it has been suggested that these diets impair signal 
transduction mechanism in pancreatic B-cells to reduce insulin secretion 
in rats (Kim et al., 1996). In contrast Yin et al. (2003) indicated that there 
were no significant differences in fasting serum insulin levels among 
rabbits fed high fat and high sucrose diet and their control. 
 
5.5 Summary 
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1- The effects of dietary supplementation with fat (ghee) and thermal 
environment on body weight (BW), thermoregulation and blood 
constituent  have been investigated in diabetic and non-diabetic rabbits. 
2- In both seasons, serum insulin concentration was significantly lower in 
diabetic groups of rabbits. During summer, the insulin concentration for 
the diabetic and non-diabetic group supplemented with fat was slightly 
higher than the non-diabetic groups fed lucerne. The supplemented group 
of diabetic rabbits maintained slightly higher insulin than the diabetic 
group fed lucerne.  
3- In both seasons plasma glucose concentration was significantly higher 
in diabetic groups compared to non- diabetic groups. Both during summer 
and winter, the plasma glucose concentration of the diabetic group of 
rabbits supplemented with fat was significantly higher than the respective 
values of diabetic group fed Lucerne only. The plasma glucose of diabetic 
groups was significantly higher in summer. 
4- Supplementation with fat increased serum triglyceride concentration in 
diabetic and non-diabetic group. The serum triglycerides concentration 
was significantly lower in winter in non-diabetic group of rabbits. 
5- Both during summer and winter, the diabetic group supplemented with 
fat had significantly higher cholesterol concentration than the diabetic 
control and non-diabetic groups of rabbits. Serum cholesterol 
concentration in non-diabetic rabbits supplemented with fat was 
significantly higher during winter. 
6- In both seasons, serum total lipids concentration of diabetic groups was 
significantly higher than the non-diabetic groups. Serum total lipids 
concentration was significantly higher in diabetic group supplemented 
with fat during summer.  
7- During summer, diabetic groups of rabbits showed significantly lower 
mean BW than the non-diabetic groups, while with fat supplementation 
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the non-diabetic group showed significantly higher mean BW than the 
other groups of rabbits. The diabetic group of rabbits supplemented with 
fat had significantly lower mean BW during winter.  
8- In both seasons, serum urea concentration of diabetic groups was 
significantly higher compared to non-diabetic groups. Diabetic groups of 
rabbits showed significantly higher urea concentration during winter 
compared to summer values. 
9- Serum creatinine concentration was slightly higher for the non-diabetic 
group of rabbits fed lucerne during summer. During winter, the diabetic 
group of rabbits supplemented with fat had slightly lower creatinine. The 
creatinine concentration in non-diabetic group supplemented with fat was 
higher during summer compared to winter value. 
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CHAPTER SIX 
GENERAL DISCUSSION AND CONCLUSIONS 
 
         Diabetes mellitus (DM) is one of the most common chronic diseases  
associated with hyperglycaemia and other metabolic derangements 
(Scheen, 1997). High carbohydrate diets cause accentuation of 
hyperglycaemia and are not desirable in diabetic patients (Garg et 
al.,1992). High carbohydrate diets, containing moderate amounts of 
sucrose have deleterious metabolic effects in diabetics (Coulston et al., 
1987).Because DM is a disease directly related to carbohydrate, lipid and 
protein metabolism , nutrition always had an integral role in its 
management (Garg et al., 1994). Treatment of diabetes with medicinal 
plants has an important role. Heat stress might aggravate diabetic 
complications. 
         The studies presented in this thesis investigated the experimental 
induction of chronic state of diabetes mellitus in the domestic rabbits 
(Chapter 3). In Chapter 3, the hypoglycaemic effects and effect on blood 
constituents of fenugreek in diabetic and non diabetic rabbits has been 
assessed. The effects of dietary supplementation with starch and thermal 
environment on the development of diabetes in rabbits were also 
examined (Chapter 4). The effects of dietary supplementation with fat 
and thermal environment on the development of diabetes in rabbits was 
also evaluated (Chapter 5)  
         In this series of studies, the domestic rabbit was used as animal 
model. Induction of diabetes by chemicals has been performed in many 
species. The present study used rabbit for its easy handling . It has been 
indicated that animal models of type 1 diabetes have clearly provided 
benefits to humans (Frederick et al., 1993). 
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         In Chapter 3, alloxan has been used to induce diabetes in rabbits. 
Alloxan exerts its adverse effects via selective necrotic changes in the 
islets of langerhans resulting from the production of the highly reactive 
oxygen radicals (Boudreau et al., 2006). A suitable dose of alloxan for 
induction of diabetes mellitus was determined. Six doses were used, and 
it was found that alloxan dose 150 mg/kg with glucose and insulin 
treatment is suitable for development of chronic DM. This dose proved to 
be highly effective (most of animals developed diabetes) and with 
administration of  glucose to counteract the effect of hypoglycaemia, and 
insulin to counteract the hyperglycaemia, the mortility rate was  
decreased. 
         The finding reported in Chapter 3 indicate that supplementation 
with fenugreek increased the BW in both diabetic and non-diabetic 
groups. Also it reduced the glucose concentration in diabetic rabbits. This 
hypoglycaemic effect may be attributed to the presence of fibre in the 
seeds which interferes wih carbohydrate absorption. Also the seeds 
contain amino acid 4-hydroxisoleucine which increases the production of 
insulin. Supplementation with fenugreek lowered the cholesterol 
concentration in diabetic rabbits slightly. The decrease in cholesterol 
concentration is attributed to the effect of saponin present in fenugreek 
seeds. The increase in insulin concentration with fenugreek in diabetic 
rabbits is attributed to regenerative effect of fibre on pancreatic tissue. 
                The results obtained in the studies (Chapter 4) indicate that The 
diabetic groups of rabbit showed significantly higher values of plasma 
glucose level compared to the value of non-diabetic rabbits in both 
seasons. The hyperglycaemia was related to the deficiency of insulin, in 
which glucose formation is promoted.  
         The insulin concentration of rabbits was decreased both during 
summer and winter (Figs. 60 and 61). This decrease in insulin is 
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associated with induction of diabetes by alloxan injection which causes 
destruction of B-cells of the pancreas and liberation of a large amount of 
insulin leading to insulin deficiency. 
         The diabetic groups of rabbits had higher Tr value compared to the 
non diabetic during summer (Fig. 14). The increase of Tr of the diabetic 
rabbits during summer was associated with decrease in heat tolerance due 
to the failure of sweating. The higher Tr values of all experimental groups 
during summer were related to the magnitude of thermal load and it was 
associated with enhanced thermoregulatory responses of the rabbits 
(Fig.14).  
         The seasonal change in the thermal environment influenced the 
respiratory rate (RR) in all experimental groups. RR was higher during 
summer. Getz (1968) noted that an increase in ambient temperature 
increased pulmonary ventilation in small mammals.  
         Supplementation with starch both during summer and winter, lead 
to BW loss in diabetic rabbits (Table 5and 6). This was attributed to 
increased hyperglycaemia following carbohydrate meal and increase in 
the severity of metabolic syndrome. The results indicate that seasonal 
changes in tropical thermal environment could influence BW. Summer 
was associated with lower BW of rabbits as food intake usually depressed 
in rabbits exposed to heat stress (Maerotens and De Groote, 1990). 
 
         Diabetes mellitus in rabbits was associated with significantly higher 
water consumption. This response was related to osmotic diuresis 
associated with hyperglycaemia in diabetic rabbits. Supplementation with 
starch increased water consumption in diabetic group in both seasons (Fig 
21 and 22). This is related to the osmotic effect of hyperglycaemia 
augmented by supplementation with starch. 
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         The results indicate that during summer supplementation with 
starch decreased the PCV in diabetic and non-diabetic groups of rabbits 
(Fig. 24, Table 7). The findings (Chapter 4) indicate that the metabolic 
syndrome in diabetic rabbits was associated with marked reduction in 
PCV and Hb concentration in both seasons (Tables 7 and 8). This 
response was attributed to factors which may cause haemolysis. 
         The results indicate that the non-diabetic group of rabbits had 
significantly higher TLC during summer compared to the winter values 
(Fig.30). This was attributed to the effect of heat stress on release of 
glucocorticoid  which in turn increased leuckocytes in blood. 
         The present findings revealed that serum total protein concentration 
was decreased in diabetic and non-diabetic groups fed lucerne during 
summer compared to winter values. The decrease in total protein during 
summer is related to decrease in food intake.  
         The studies also revealed that the diabetic groups of rabbits 
maintained higher values of urea level during both seasons (Figs. 42 and 
43). The increase in urea concentration may be attributed to increased 
urea nitrogen production in diabetes, and this response could be related to 
enhanced catabolism of both liver and plasma proteins that accompany 
gluconeogenesis. 
         The studies indicate that supplementation with starch lowered the 
serum creatinine concentration in diabetic group during summer. This 
response is attributed to extensive muscle breakdown in poorly controlled 
diabetes mellitus. Creatinine concentration was higher during summer 
compared to winter values.   
 
          The studies revealed that supplementation with starch affected 
triglyceride concentration significantly in diabetic groups during summer 
(Fig 48). This increase in triglyceride was attributed to insulin deficiency.  
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Insulin deficiency resulted in increased lipolysis, overproduction of non- 
esterified acids, VLDL, and decreased activity of endothelial lipoprotein 
lipase which reduce clearance of triglyceride (Williams and Pickup, 
2004). 
Supplementation with starch increased cholesterol concentration in 
diabetic rabbits significantly during summer (Fig. 51). The increased 
cholesterol is related to insulin deficiency which increased plasma 
lipoproteins.  
         The results show that diabetes in rabbits lower the Na concentration 
significantly during summer and winter (Figs. 54 and 55). The 
significantly lower serum Na concentrations in diabetic rabbits in both 
seasons is attributed to osmotic diuresis induced by hyperglycaemia. 
                  The result reported in Chapter 5 indicate that diabetes in 
rabbits lowered the body weight significantly both during summer and 
winter (Fig. 66 and 67). The decrease in BW attributed to degradation of 
structural proteins.  
         The results indicate that diabetic rabbits had higher plasma glucose 
concentration compared to non- diabetic groups of rabbits both during 
summer and winter (Fig. 69 and 70). This hyperglycaemia is related to 
insulin deficiency. The increase in hyperglycaemia in diabetic rabbits 
supplemented with fat is associated with inhibition in muscle glucose 
uptake and oxidation.  
         The results indicate that serum triglyceride concentration in diabetic 
groups show higher values than non- diabetic group both during summer 
and winter. This was attributed to insulin deficiency which causes 
mobilization of fatty acid from adipose tissue. Supplementation with fat 
exacerbate postprandial hypertriglyceridaemia. Both during summer and 
winter diabetic groups supplemented with fat had higher values of 
cholesterol concentration than the non- diabetic group of rabbits. This 
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increase in cholesterol concentration may be attributed to impared 
catabolism rather than increased synthesis.  
         The present findings show that both during summer and winter the 
insulin concentration decreased in diabetic groups significantly. This 
decrease is due to induction of diabetes by injection of alloxan.  
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  ﻤﻠﺨﺹ ﺍﻻﻁﺭﻭﺤﺔ
       ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺎﺜﻴﺭﺍﺕ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺍﻟﻁﺒﻴﺔ ﻭﺍﻟﻌﻭﺍﻤل ﺍﻟﻐﺫﺍﺌﻴﺔ ﻭﺍﻟﺤﺭﺍﺭﻴﺔ ﻋﻠﻲ ﺍﻻﺭﺍﻨﺏ 
ﺘﺠﺭﺒﺔ ﺍﻻﻭﻟﻲ ﻭﺍﺨﺘﺒﺎﺭ ﺍﻟﺠﺭﻋﺔ ﺍﻟﻤﻨﺎﺴﺒﺔ ﻤﻥ ﺍﻻﻟﻭﻜﺴﺎﻥ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ ﻓﻰ ﺍﻟ
ﻤﻠﺠﻡ ﻤﻊ ﺍﻟﻤﻌﺎﻟﺠﺔ 05ﻤﻠﺠﻡ ﻭ56،ﻤﻠﺠﻡ57،ﻤﻠﺠﻡ001ﻋﻨﺩ ﺤﻘﻥ ﺍﻻﺭﺍﻨﺏ ﺒﺠﺭﻋﺔ  ، naxollA()
ﻤﺎﺘﺕ ﺒﻌﺽ ﺍﻻﺭﺍﻨﺏ ﺒﻴﻨﻤﺎ ﺍﻻﺭﺍﻨﺏ ﺍﻟﺘﻲ ﻟﻡ ﺘﻤﺕ ﻟﻡ ﻴﺤﺩﺙ ﻟﻬﺎ ﺩﺍﺀ ، ﺒﺎﻟﺠﻠﻜﻭﺯ ﻭﺍﻻﻨﺴﻭﻟﻴﻥ
 ﺍﻟﻤﻌﺎﻟﺠﺔ ﺒﺎﻟﺠﻠﻜﻭﺯ ﻤﻠﺠﻡ ﺍﻟﻭﻜﺴﺎﻥ ﻤﻊ57ﻋﻨﺩ ﺤﻘﻥ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺠﺭﻋﺔ . ﺍﻟﺴﻜﺭﻯ 
ﻭﺍﺤﺩ ﻓﻘﻁ ﻤﻥ ﺍﻻﺭﺍﻨﺏ ﺍﺼﺒﺢ ﻤﺼﺎﺒﺎ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ ﺍﻤﺎ ﻋﻨﺩ ﺤﻘﻥ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺠﺭﻋﺔ ،ﻭﺍﻻﻨﺴﻭﻟﻴﻥ
 051ﻋﻨﺩ ﺤﻘﻥ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺠﺭﻋﺔ .  ﻤﻠﺠﻡ ﺍﺯﺩﺍﺩ ﻋﺩﺩ ﺍﻻﺭﺍﻨﺏ ﺍﻟﺘﻰ ﺍﺼﻴﺒﺕ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ521
  .ﻤﻠﺠﻡ ﺍﺼﻴﺒﺕ ﻤﻌﻅﻡ ﺍﻻﺭﺍﻨﺏ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ
ﺜﺭ ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺤﻠﺒﺔ ﻋﻠﻲ ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻭﺘﺭﻜﻴﺯﺍﺕ          ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻨﻴﺔ ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺍ
ﺘﺯﻭﻴﺩ .ﺍﻟﺠﻠﻜﻭﺯ ﻭﺍﻟﻜﻠﻭﻟﺴﺘﺭﻭل ﻭﺍﻻﻨﺴﻭﻟﻴﻥ ﻓﻲ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﻭﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ
ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺤﻠﺒﺔ ﻋﻤل ﺘﺨﻔﻴﺽ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﻜﻭﺯ ﻤﻌﻨﻭﻴﺎ ﻭﺯﻴﺎﺩﺓ ﺍﻟﻭﺯﻥ ﺯﻴﺎﺩﺓ ﻁﻔﻴﻔﺔ ﻓﻲ 
ﻋﻤﻠﺕ ﻋﻠﻲ ﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺍﻻﻨﺴﻭﻟﻴﻥ ﺍﻴﻀﺎ . ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺼﺎﺒﺔ ﻭﻏﻴﺭﺍﻟﻤﺼﺎﺒﺔ  ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ
  .ﻭﺘﺨﻔﻴﺽ ﺍﻟﻜﻠﻭﻟﺴﺘﺭﻭل ﺒﺼﻭﺭﺓ ﻁﻔﻴﻔﺔ
       ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺜﺎﻟﺜﺔ ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺎﺜﻴﺭﺍﺕ ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﻨﺸﺎ ﻭﺘﺎﺜﻴﺭ ﺍﻟﻤﻨﺎﺥ ﻋﻠﻲ ﺘﻨﻅﻴﻡ 
ﺘﺯﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﻨﺸﺎ .ﺍﻟﺤﺭﺍﺭﺓ ﻭﻤﻜﻭﻨﺎﺕ ﺍﻟﺠﺴﻡ ﻓﻰ ﺍﻟﻤﺼﺎﺒﻴﻥ ﻭﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﻴﻥ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ
ﻡ ﺍﺭﺘﻔﺎﻋﺎ ﻤﻌﻨﻭﻴﺎ ﻓﻰ ﻓﺼل ﺍﻟﺼﻴﻑ ﻓﻰ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﻴﺯﻴﺩ ﻤﻥ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﺠﺴ
ﺘﻜﻭﻥ ﻗﻴﻡ ﻤﻌﺩل ﺍﻟﺘﻨﻔﺱ ﻓﻲ ﺠﻤﻴﻊ ﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻋﻠﻲ ﻓﻲ ﻓﺼل ﺍﻟﺼﻴﻑ ﻤﻘﺎﺭﻨﺔ . ﺒﺎﻟﺴﻜﺭﻯ
ﺯﺍﺩ ﻤﺘﻭﺴﻁ ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻤﻌﻨﻭﻴﺎ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﻏﻴﺭ . ﺒﺎﻟﻘﻴﻡ ﺍﻟﻤﻤﺎﺜﻠﺔ ﻓﻲ ﻓﺼل ﺍﻟﺸﺘﺎﺀ
 ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﺘﻲ ﺘﺘﻐﺫﻯ ﻋﻠﻰ ﺍﻟﺒﺭﺴﻴﻡ .ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﻓﻲ ﻓﺼﻠﻰ ﺍﻟﺼﻴﻑ ﻭﺍﻟﺸﺘﺎﺀ
ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺀ ﺍﻋﻠﻲ ﻓﻲ ﺍﻟﺼﻴﻑ . ﻭﺍﻟﻨﺸﺎ ﻟﻬﺎ ﻭﺯﻥ ﺠﺴﻡ ﺍﻋﻠﻲ ﻓﻲ ﺍﻟﺸﺘﺎﺀ ﻋﻨﻬﺎ ﻓﻲ ﺍﻟﺼﻴﻑ
ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻘﻴﻡ ﺍﻟﻤﻤﺎﺜﻠﺔ ﻓﻲ ﺍﻟﺸﺘﺎﺀ ﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ ﻭﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ 
  .ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ
ﻻﻴﺅﺜﺭ .ﻤﻭﻋﺎﺕ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ      ﺍﻨﺨﻔﺽ ﻤﻜﺩﺍﺱ ﺍﻟﺩﻡ ﻭﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﻓﻲ ﻤﺠ
ﻻﻴﺅﺜﺭ ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﻨﺸﺎ ﻋﻠﻲ ﺍﻟﻌﺩﺩ ﺍﻟﻜﻠﻰ ﻟﻜﺭﻴﺎﺕ .ﺍﻟﻤﻨﺎﺥ ﻓﻲ ﻤﻜﺩﺍﺱ ﺍﻟﺩﻡ ﻭﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ
  .ﺍﻟﺩﻡ ﺍﻟﺒﻴﻀﺎﺀ ﻓﻲ ﻓﺼل ﻟﺼﻴﻑ
ﻻﺘﻭﺠﺩ ﺍﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻰ ﺘﺭﻜﻴﺯ ﺍﻟﺒﺭﻭﺘﻴﻥ . ﺍﺭﺘﻔﻊ ﻤﺴﺘﻭﻯ ﺍﻟﺠﻠﻜﻭﺯ ﻤﻌﻨﻭﻴﺎ ﻋﻨﺩ ﺍﻟﺘﺯﻭﻴﺩ ﺒﺎﻟﻨﺸﺎ
ﺍﺭﺘﺘﻔﻊ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻜﻰ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻱ . ﻤﻭﻋﺎﺕﺍﺍﻟﻜﻠﻲ ﻟﻜل ﺍﻟﻤﺠ
ﺘﺯﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﻨﺸﺎ ﻻ ﻴﺅﺜﺭ ﻋﻠﻲ ﺘﺭﻜﻴﺯ . ﻤﻌﻨﻭﻴﺎ ﻓﻲ ﺍﻟﺸﺘﺎﺀ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻘﻴﻡ ﺍﻟﻤﻤﺎﺜﻠﺔ ﻓﻲ ﺍﻟﺼﻴﻑ
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ﻴﻨﺨﻔﺽ ﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻓﻲ . ﺍﻻﻟﺒﻴﻭﻤﻴﻥ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺼﺎﺒﺔ ﻭﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻱ
  .ﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺎﺕ ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﻓﻲ ﺍﻟﺸﺘﺎﺀﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻱ ﻤ
. ﻓﻲ ﻓﺼل ﺍﻟﺼﻴﻑ ﻭﺍﻟﺸﺘﺎﺀ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ ﻟﻬﺎ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻟﺘﺭﻜﻴﺯ ﺍﻟﻴﻭﺭﻴﺎ
ﺍﻅﻬﺭﺕ . ﻓﻲ ﻓﺼل ﺍﻟﺼﻴﻑ ﺍﻨﺨﻔﺽ ﺍﻟﺭﻴﺎﺘﻨﻴﻥ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻱ
ﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ ﺒﺎﻟﻨﺴﺒﺔ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﺘﻲ ﺘﺘﻐﺫﻯ ﻋﻠﻰ ﺍﻟﺒﺭﺴﻴﻡ ﻭﺍﻟﻨﺸﺎ ﺍﻨﺨﻔﺎﻀﺎ ﻓﻲ ﺘﺭﻜﻴﺯ 
ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ ﺴﺠﻠﺕ ﺘﺭﻜﻴﺯ ﺍﻋﻠﻰ . ﻟﻠﻤﺠﻤﻭﻋﺎﺕ ﺍﻻﺨﺭﻱ
ﺘﺭﻜﻴﺯ ﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ ﻓﻲ ﻓﺼل ﺍﻟﺼﻴﻑ ﺍﻋﻠﻲ ﻤﻨﻪ ﻓﻲ ﻓﺼل ﺍﻟﺸﺘﺎﺀ . ﻤﻌﻨﻭﻴﺎﻋﻥ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻻﺨﺭﻯ
  .ﻓﻲ ﻜل ﺍﻟﻤﺠﻤﻭﻋﺎﺕ
ﻲ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ        ﺘﺯﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ ﺒﺎﻟﻨﺸﺎ ﻓﻲ ﻓﺼل ﺍﻟﺼﻴﻑ ﺍﺩﻱ ﺍﻟ
ﺍﻤﺎ ﺘﺯﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﻨﺸﺎ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﻏﻴﺭ ، ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻟﺩﻫﻭﻥ ﺍﻟﻜﻠﻲ ﻭﺜﻼﺜﻲ ﺍﻟﺠﻠﺴﺭﻴﺩ
ﺴﺠل .ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ ﻋﻤل ﻋﻠﻰ ﺍﺭﺘﻔﺎﻉ ﺍﻟﺩﻫﻭﻥ ﻤﻌﻨﻭﻴﺎ ﺨﻼل ﺍﻟﺸﺘﺎﺀ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺼﻴﻑ 
 ﺤﻴﺙ ﻜﺎﻥ ﺘﺭﻜﻴﺯ ﺍﻟﻜﻭﻟﻴﺴﺘﺭﻭل،ﺍﻟﻜﻭﻟﻴﺴﺘﺭﻭل ﺍﻋﻠﻲ ﻗﻴﻡ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻯ 
ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻱ ﻭﻓﻰ ﺍﻟﻤﺠﻤﻭﻋﺔ . ﺍﻋﻠﻲ ﻤﻌﻨﻭﻴﺎﺨﻼل ﻓﺼل ﺍﻟﺸﺘﺎﺀ
ﻜﺎﻥ ﺘﺭﻜﻴﺯ ﺍﻟﺼﻭﺩﻴﻭﻡ ﺍﻋﻠﻰ ﺒﺼﻭﺭﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ . ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻱ ﻭﺍﻟﺘﻲ ﺘﺘﻐﺫﻯ ﺒﺎﻟﻨﺸﺎ 
ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﻤﺼﺎﺒﺔ ﻭﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﻭﺍﻟﻤﺯﻭﺩﺓ ﺒﺎﻟﻨﺸﺎ ﻓﻲ ﻓﺼل ﺍﻟﺸﺘﺎﺀ ﻤﻘﺎﺭﻨﺔ 
ﻓﻲ ﺨﻼل . ﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﺍﻟﻲ ﺍﺭﺘﻔﺎﻉ ﻓﻲ ﺘﺯﻜﻴﺯ ﺍﻻﻨﺴﻭﻟﻴﻥﺍﺩﻱ ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺍﻟ. ﺒﺎﻟﺼﻴﻑ
ﻓﺼل ﺍﻟﺸﺘﺎﺀ ﻋﻤل ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﻨﺸﺎ ﺍﻟﻰ ﺍﺭﺘﻔﺎﻉ ﺘﺭﻜﻴﺯ ﺍﻟﻜﻭﺭﺘﻴﺯﻭﻥ ﻓﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ 
  .ﺍﻟﻤﺼﺎﺒﺔ ﺍﻟﻤﺯﻭﺩﺓ ﺒﺎﻟﻨﺸﺎ ﻋﻥ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻻﺨﺭﻱ
ﺎﺥ ﻋﻠﻲ        ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﺭﺍﺒﻌﺔ ﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺘﺎﺜﻴﺭﺍﺕ ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺩﻫﻭﻥ ﻭﺘﺎﺜﻴﺭ ﺍﻟﻤﻨ
ﺍﺭﺘﻔﻊ ﻤﺘﻭﺴﻁ ﻭﺯﻥ ﺍﻟﺠﺴﻡ .ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﻭﻤﻜﻭﻨﺎﺕ ﺍﻟﺩﻡ ﻓﻲ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ
ﺴﺠﻠﺕ .ﻤﻌﻨﻭﻴﺎ ﻓﻰ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻻﺨﺭﻱ
ﺍﺩﻯ .ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﻭﺍﻟﻤﺯﻭﺩﺓ ﺒﺎﻟﺩﻫﻭﻥ ﺍﻗل ﻤﺘﻭﺴﻁ ﻭﺯﻥ ﻓﻲ ﻓﺼل ﺍﻟﺸﺘﺎﺀ
ﻜﺎﻥ .ﻫﻭﻥ ﻓﻲ ﻓﺼل ﺍﻟﺼﻴﻑ ﻭﺍﻟﺸﺘﺎﺀ ﺍﻟﻲ ﺍﺭﺘﻔﺎﻉ ﻤﻌﻨﻭﻱ ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻟﺠﻠﻜﻭﺯﺘﺯﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺩ
ﺘﺭﻜﻴﺯ ﺍﻟﺩﻫﻭﻥ ﺍﻟﻜﻠﻲ ﺍﻋﻠﻲ ﻤﻌﻨﻭﻴﺎ ﻓﻲ ﻓﻰ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﺨﻼل ﻓﺼل 
ﻋﻤل ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺩﻫﻭﻥ ﻋﻠﻰ ﺯﻴﺎﺩﺓ ﺘﺭﻜﻴﺯ ﺜﻼﺜﻰ ﺍﻟﺠﻠﺴﺭﻴﺩ ﻓﻲ ﻤﺠﻤﻭﻋﺎﺕ . ﺍﻟﺼﻴﻑ
ﻔﻊ ﻤﺴﺘﻭﻯ ﺍﻟﻜﻭﻟﻴﺴﺘﺭﻭل ﻤﻌﻨﻭﻴﺎ ﻓﻲ ﻓﺼﻠﻲ ﺍﺭﺘ. ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﻭﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ
ﺍﻟﺼﻴﻑ ﻭﺍﻟﺸﺘﺎﺀ ﻓﻰ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﻭﺍﻟﻤﺯﻭﺩﺓ ﺒﺎﻟﺩﻫﻭﻥ ﻋﻥ   ﻤﺠﻤﻭﻋﺎﺕ 
ﺍﻻﺭﺍﻨﺏ ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻻﻨﺴﻭﻟﻴﻥ ﻓﻰ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ 
ﻪ ﻓﻲ ﻭ ﻤﺠﻤﻭﻋﺔ ﻭ ﻤﺠﻤﻭﻋﺔ ﺍﻻﺭﺍﻨﺏ ﻏﻴﺭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﺴﻜﺭﻯ ﻭﺍﻟﻤﺯﻭﺩﺓ ﺒﺎﻟﺩﻫﻭﻥ ﺍﻋﻠﻰ ﻋﻨ
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      ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺘﻲ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﻭﺍﻟﺘﻲ ﺫﺍﺕ ﻋﻼﻗﺔ ﺒﺘﺎﺜﻴﺭﺍﺕ ﺍﻟﻌﻭﺍﻤل ﺍﻟﻐﺫﺍﺌﻴﺔ ﻭﺍﻟﺒﻴﺌﻪ 
ﺍﻟﺤﺭﺍﺭﻴﺔ ﻋﻠﻲ ﺍﻻﺴﺘﺠﺎﺒﺎﺕ ﺍﻟﻔﺴﻴﻭﻟﻭﺠﻴﻪ ﻓﻲ ﺍﻻﺭﺍﻨﺏ ﻟﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ ﺘﻡ ﻤﻨﺎﻗﺸﺘﻬﺎ ﻓﻲ ﻀﻭﺀ 
ﻠﺌﺞ ﺍﻟﺘﻲ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﺘﻡ ﺘﺤﺩﻴﺩ ﻤﻥ ﺍﻟﻨﺘ. ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﻤﺘﻭﻓﺭﺓ ﻤﻥ ﺍﻟﺩﺭﺍﺴﺎﺕ ﺍﻟﺴﺎﺒﻘﻪ ﻓﻲ 
ﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺍﻟﻤﺼﺎﺒﻪ ﺒﺩﺍﺀ ﺍﻟﺴﻜﺭﻱ ﺒﺎﻟﻜﺭﺒﻭﻫﻴﺩﺭﺍﺕ  . ﺍﻟﺠﺭﻋﻪ ﺍﻟﻤﻨﺎﺴﺒﻪ ﻻﺤﺩﺍﺙ ﺍﻟﺴﻜﺭﻱ
ﻜﻤﺎ ﺍﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻥ . ﻭﺍﻟﺩﻫﻭﻥ ﻟﻪ ﺘﺎﺜﻴﺭ ﻭﺍﻀﺢ ﻋﻠﻲ ﺍﻻﺴﺘﺠﺎﺒﺎﺕ ﺍﻟﻔﺴﻴﻭﻟﻭﺠﻴﻪ ﻟﻬﺫﻩ ﺍﻻﺭﺍﻨﺏ
ﻫﺫﻩ ﺍﻟﻨﺘﺎﺌﺞ ﺘﻌﺘﺒﺭ ﺫﺍﺕ . ﻟﺴﻜﺭﻱﺘﺫﻭﻴﺩ ﺍﻻﺭﺍﻨﺏ ﺒﺎﻟﺤﻠﺒﻪ ﻴﻤﻜﻥ ﺍﻥ ﺍﻟﺘﺎﺜﻴﺭﺍﺕ ﺍﻻﺴﺘﻐﻼﺒﻴﻪ ﻟﺩﺍﺀ ﺍ
  .ﺼﻠﻪ ﻫﺎﻤﻪ ﻭﻭﺜﻴﻘﻪ ﺒﺎﻟﻨﺎﺤﻴﻪ ﺍﻟﻁﺒﻴﻪ
  
  
  
  
  
  
  
  
  
  
  
  
  
 
